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EXECUTIVE SUMMARY
Preliminary recommendations
ERMA New Zealand proposes that the existing approvals for methylarsinic acid and its
sodium salt (MSMA) should be revoked. This recommendation is made on the basis
that the risks associated with the use of methylarsinic acid and its sodium salt in New
Zealand outweigh the limited benefits of use so far identified. The key risks of concern
identified in this application relate to the persistency of arsenic, its potential to
accumulate in the environment and to impact over the long term on human health.
However, in making this recommendation ERMA New Zealand recognises that the
risks, costs and benefits are finely balanced and that the recommendation reflects the
precautionary approach required under the Act where there is scientific and technical
uncertainty about effects. In the case of methylarsinic acid and its sodium salt, the main
area of uncertainty arises from the lack of data on the chronic effects in the environment
and detailed information on the fate of organic and inorganic arsenic in soil and
groundwater over time.
The application
The Chief Executive of ERMA New Zealand is seeking the reassessment of the existing
approvals relating to methylarsinic acid and its sodium salt under section 63 of the
Hazardous Substances and New Organisms Act 1996 (―the Act‖).
ERMA New Zealand proposes that the existing approvals for methylarsinic acid and its
sodium salt (MSMA) should be revoked. This recommendation is made on the basis
that the risks associated with the use of methylarsinic acid and its sodium salt in New
Zealand outweigh the limited benefits of use so far identified. The key risks of concern
identified in this application relate to the persistency of arsenic, its potential to
accumulate in the environment and to impact over the long term on human health.
However, in making this recommendation ERMA New Zealand recognises that the
risks, costs and benefits are finely balanced and that the recommendation reflects the
precautionary approach required under the Act where there is scientific and technical
uncertainty about effects. In the case of methylarsinic acid and its sodium salt, the main
area of uncertainty arises from the lack of data on the chronic effects in the environment
and detailed information on the fate of organic and inorganic arsenic in soil and
groundwater over time.
Methylarsinic acid and its sodium salt are organic arsenical-based herbicides that are
used in New Zealand to control paspalum and kikuyu in fine turf growing north of
Taupo. Two approvals for methylarsinic acid and its sodium salt have been granted
under the Act, one for methylarsinic acid (approval number HSR003391)and one for the
sodium salt as a soluble concentrate containing 600g/l of methylarsinic acid (approval
number HSR000538). There is currently one product, AGPRO MSMA 600, a soluble
concentrate of the sodium salt, used on turf in New Zealand.
Approval for use of methylarsinic acid, its sodium salt and other organic arsenical
pesticides has been withdrawn in the European Union and Canada. The United States is
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preparing to initiate cancellation proceedings for the re-registration of all arsenical
pesticides. Overseas reviews and subsequent actions were based on concerns of
increasing arsenic levels in soil and groundwater due to repeated use of the product.
Eco-toxicological assessment of methylarsinic acid and its sodium salt has identified
acute risks, associated with its use, to aquatic plants, non-target plants outside the
treatment area and birds. Risk mitigation measures can be used to reduce acute risks to
an acceptable level for aquatic and terrestrial plants but low level acute risks to birds
cannot be mitigated. Data on chronic effects is lacking for all parts of the environment
making it impossible to assess the long term effects of methylarsinic acid and its sodium
salt on the environment. In view of the persistency of arsenic and its potential to
accumulate within an environment this uncertainty represents a significant risk.
Human health assessment of methylarsinic acid and its sodium salt has identified acute
risks in terms of eye irritation and low level acute toxicity. Risk mitigation measures
for operators can be used to reduce these risks to an acceptable level. Modelling based
on total arsenic has identified long term unacceptable non cancer risks to all those
involved in high contact activities on treated areas and the potential for increased cancer
rates in children who have played on treated areas and adjoining properties over a
number of years.
Background levels of arsenic occurring in the New Zealand environment are highly
variable and are influenced by both natural processes, such as volcanic activity, and past
land use, such as timber treatment and orcharding. Over 10 percent of New Zealand
groundwater currently exceeds Ministry of Health guidelines. The actual fate of the
herbicide derived arsenic is unknown and the relative proportions of organic and
inorganic arsenic cannot be calculated. Continued use of methylarsinic acid and its
sodium salt will result in increased levels of total arsenic in both the soil and aquatic
environments. Added to background arsenic this may make local ground waters
unsuitable for drinking and reduce future land use options on some sites.
Alternative options for the control of paspalum and kikuyu in turf are available but
limited. There are no herbicides available that can be used to replace all the services
that methylarsinic acid and its sodium salt provides. The hazard profiles associated
with these alternatives chemicals are less or no greater than those associated with
methylarsinic acid and its sodium salt. In addition to chemical control options, there are
a number of cultural and physical options which will allow turf managers to replace all
the services provided by methylarsinic acid and its sodium salt. There are adverse cost
and convenience implications to changing to these options particularly for managers of
high quality turf.
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SECTION ONE – THE APPLICATION
1.1

Applicant details

Name and address in New Zealand of the organisation making the application
Name:

Chief Executive
ERMA New Zealand

Postal Address:

P O Box 131
Wellington 6015
New Zealand

Physical address:

Level 1
BP House
20 Customhouse Quay
Wellington
New Zealand

Phone:
Fax:

+64-4-916 2426
+64-4-914 0433

Name of the contact person for the application
Name:
Michael Morris
Position:
Reassessments Manager (Hazardous Substances)
Postal address:
ERMA New Zealand
PO Box 131
Wellington 6001
New Zealand
Phone:
+64-4-918 4859
Fax:
+64-4-914 0433

1.2

Background to the application

1.2.1

This is an application for the reassessment of methylarsinic acid and its sodium
salt (MSMA) prepared by ERMA New Zealand (‗the Agency‘) under section
63 of the Hazardous Substances and New Organisms Act (‗the Act‘).

1.2.2

MSMA was placed on the Chief Executive‘s Reassessment Priority List in
2006. Evaluation sheets were prepared for each substance on the short-list, and
sent out for consultation in November 2006. No submitters specifically
indicated that the reassessment of methylarsinic acid and its sodium salt
(MSMA) should be high priority, but upon consideration of the information
contained within the Evaluation Sheet, ERMA New Zealand included MSMA
in the list of CEIR priority substances for reassessment.
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1.2.3

In September 2008, the Environmental Risk Management Authority (‗the
Authority‘) considered whether or not there were grounds for reassessing the
approvals for MSMA and formulations containing MSMA, under section 62 of
the Act.

1.2.4

The Authority unanimously agreed that there were grounds for reassessment
based on section 62 of the Act, namely that there is new information from
overseas regulatory authorities relating to the effects of MSMA and that, in
light of this new information, reassessment of the substances is warranted.

1.2.5

In addition, the Committee considered that a reassessment of MSMA and its
formulations aligns well with the ERMA New Zealand‘s risk reduction
strategy, which seeks to reduce the risks to New Zealanders and the New
Zealand environment from new organisms or hazardous substances.

1.2.6

The decision was notified on 9 September 2008. In reaching its decision the
Authority noted the following:
One formulation of methylarsinic acid, AGPRO MSMA 600, has been
registered for use in New Zealand since 1994.
Regulatory authorities in Canada and the USA have recently completed
reassessments of MSMA (which includes methylarsinic acid and its
formulations). The findings of these reassessments have led to the phaseout of the substance in Canada, with all uses expected to be phased by the
end of 2008. In the US, the EPA concluded that the risks of continued
use on all sites outweigh the limited benefits of weed control and
registrants have been informed that they are ineligible to re-register these
substances.

1.3

Preparation of the application
To prepare a comprehensive reassessment application ERMA New Zealand
sought information from importers and users and others with expertise in the
following areas:
use patterns;
‗off label‘ uses;
benefits from the use of the substances in New Zealand;
lifecycle information; and
alternatives.
A full list of the parties contacted for this information is set out in Appendix J.
In response to this pre-application consultation, information was received from
the New Zealand Sports Turf Institute (NZSTI).
In addition ERMA New Zealand sought the following advice:
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an eco toxicological assessment of MSMA by Chris Lee Sterne of the
Australian Environmental Agency Pty Ltd (See Appendix C)
a toxicological assessment of MSMA by Martin Edwards, Toxicological
Consulting Ltd (See Appendix E and F).
ERMA New Zealand also considered, to the extent appropriate, the numerous
publicly available sources of toxicology and environmental fate and effects test
data, studies and other references (See Appendix L).

1.4

Notification and consultation

1.4.1

This application has been prepared by ERMA New Zealand and will be
publicly notified for submissions for a 30 working day period. The submissions
received, together with the application, will be taken into account by the
Authority in considering the reassessment. If requested by any submitter, the
Authority will hold a public hearing.

1.5

Substance(s) covered by the application

1.5.1

The existing substances for which there are HSNO approvals and which are
therefore the subject of this reassessment, are shown in Table 1.
Table 1:

Substances covered by this application1

Substance description

Approval

Trade names

Soluble concentrate containing 600 g/L
methylarsinic acid

HSR000538

N/a

Methylarsinic acid

HSR003391

N/a

600 gm/ litre as the sodium salt in the
form of a soluble concentrate

HSR000538

AGPRO MSMA 600

1.5.2

Methylarsinic acid and its sodium salt are described as organic arsenical
herbicides. Once they are released into the environment, methylarsinic acid and
its sodium salt rapidly change form to a range of organic arsenical compounds
and to inorganic arsenic. The derivatives present and their proportions are
dependent on the pH, moisture, temperature, chemical concentration and the
amount of organic matter.

1.5.3

In this document, MSMA will be used to refer to methylarsinic acid, its sodium
salt and to the effect of its derivatives on the environment and human health.
Where the particular form of organic or inorganic arsenic is important for the
effect under discussion, it will be referred to by name and its relation to
methylarsinic acid described in the text.

1

The Substance description and approval numbers are taken from the public register.
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SECTION TWO – THE RISK MANAGEMENT
CONTEXT
2.1

Risk management context

2.1.1

The Authority decides whether to approve or decline hazardous substances
based on the requirements of the HSNO Act and the Methodology.2 The
purpose of the Act is to ―protect the environment and the health and safety of
people and communities, by preventing or managing the adverse effects of
hazardous substances and new organisms‖. The Act and the Methodology
therefore provide the foundation for the risk management context for the
evaluation and review of this application which must be undertaken in
accordance with the purpose of the Act.

2.1.2

Section 29 of the Act requires the Authority to consider adverse and positive
effects of the substance(s) and to make a decision based on whether or not the
positive effects of releasing the substance outweigh the adverse effects of the
substance. The relevant adverse and positive effects are those that are
associated with the substance.

2.1.3

In particular, in accordance with section 6 of the Act, the following matters
have been taken into account in assessing the risks, costs and benefits
associated with the use of MSMA in New Zealand:
The sustainability of native and valued introduced flora and fauna.
The intrinsic value of ecosystems.
Public health.
The relationship of Māori and their culture and traditions with their
ancestral lands, water, sites, wāhi tapu, valued flora and fauna, and other
taonga.
The economic and related benefits to be derived from the use of MSMA.
New Zealand‘s international obligations.

2.2

Identification and assessment process

2.2.1

ERMA New Zealand identifies the risks and benefits associated with the
substance and then undertakes a scoping exercise to determine which of them
are potentially significant. Identifying risks and benefits requires identifying
the sources of effect (for example: the hazards and benefits), the pathways for
exposure, and the areas of impact as well as the likelihood and magnitude of
effect. In accordance with clauses 9 and 10 of the Methodology, and sections 5
and 6 of the Act, the adverse and positive effects are characterised in relation to
the following areas of impact: the environment, human health and safety,

2

Hazardous Substances and New Organisms (Methodology) Order 1998 (SR 1998/217).
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relationship of Māori to the environment, the market economy, and society and
the community.
2.2.2

The second step is to assess the risks and benefits that have been identified as
being potentially significant. Those risks and benefits that are deemed to be
not potentially significant are described, but are not assessed in detail.
Assessing risks and benefits involves combining the magnitude (size or value)
of an effect and the likelihood of it occurring. Where there is uncertainty about
the magnitude of the effect, a range of magnitudes may be assessed.

2.3

Consideration of uncertainty

2.3.1

Clause 8 of the Hazardous Substances and New Organisms (Methodology)
Order 1998 (the Methodology) states that the information used by the
Authority when considering an application must be relevant and appropriate to
the scale and significance of the risks, costs and benefits associated with the
substance.

2.3.2

Clause 29 of the Methodology indicates that when the Authority encounters
scientific and technical uncertainty relating to the potential adverse effects of a
substance, the Authority must determine the materiality and significance to the
application of the uncertainty. Where any scientific or technical uncertainty is
not resolved, the Authority must take into account the need for caution in
managing the adverse effects of the substance (clause 30).

2.3.3

Where the Authority considers that there is uncertainty in relation to costs,
benefits, and risks (including, where applicable, the scope for managing those
risks), the Authority must attempt to establish the range of uncertainty and
must take into account the probability of the costs, benefits and risks being
either more or less than the levels presented in evidence (clause 32).

2.3.4

Existing levels of environmental arsenic. Risk assessments for both the
environment and human health and safety consider the effect of the arsenic
contained in MSMA. These assessments have not taken into account the
cumulative effect that arsenic from MSMA will have when added to
background levels of arsenic in the environment. New Zealand‘s background
arsenic levels vary throughout the country and are influenced by a range of
factors that may increase local arsenic levels. These include:
contributions from volcanic activity;
contamination of primary production historically associated with sheep
and cattle dips and orcharding;
past and present timber treatment sites; and
mining, smelting and pulp and paper production.

2.3.5

Many of these activities have ceased in the last 40 years, but elevated
environmental arsenic concentrations remain in localised areas.
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2.3.6

Uncontaminated New Zealand soils have background arsenic levels that
typically range from 2 to 30 mg/kg . Concentrations in freshwater commonly
range between 0 to 0 .2 mg/l but are more variable in volcanic areas and can
naturally rise to high levels. For example, 1993 sampling showed levels of up
to 3.8 mg/l in a main drain at Wairakei.

2.3.7

The Ministry for the Environment‘s 2007 State of the Environment report
states that regional council testing of groundwater throughout the country has
demonstrated that water at 10.2 percent of the sites tested exceed the maximum
allowable arsenic level for safe drinking water.

2.3.8

ERMA New Zealand recognises that there is considerable variation in arsenic
levels in soil and water in New Zealand and these background levels will be
cumulative with the MSMA derived arsenic. On some sites where levels are
high this will amplify the potential impact of MSMA use and must be
accommodated in the application‘s approach to risk.

2.3.9

Dissipation and/or accumulation of arsenic in the soil. Data suggests that
arsenic does not degrade and does not easily move out of an environment once
it has been applied. Left undisturbed it is possible that there is no dissipation
from some soils. Consequently, modelling dismisses the possibility of
significant transportation away from application site and sequestration.
However, since many of the soil based effects are longer term, it is likely that
on some sites that there will be low levels of dissipation either as a
consequence of:
human activity removing arsenic from the site or incorporating it to
deeper levels and so diluting its concentration; or
earthworm activity moving arsenic beyond the 5 to 10 cm.

2.3.10

Forms of arsenic. MSMA and arsenic are present in the environment in a
number of forms (see Appendix A). Arsenic‘s form and environmental fate is
dependent on the soil pH, moisture, temperature, chemical concentration and
amount of organic matter. The toxicity of arsenic varies with its form with
organic arsenic having a lower toxicity than the inorganic form. To facilitate
the risk assessment, the following assumptions have been made:
The environmental risk assessment is based on acute toxicity data due to
a lack of chronic toxicity data. Given the transformation of the sodium
salt of methylarsinic acid in the environment (Appendix C) it is
appropriate to perform the avian and aquatic risk assessments based on
the acid form of methylarsinic acid, but in soil, where residues will
accumulate over time, the assessment is based on total arsenic.
The human health and safety risks assessment assumes that all arsenic is
present in the inorganic form.

2.4

Ethical considerations

2.4.1

In reviewing the information provided and identifying and assessing the
adverse and positive effects of MSMA, ethical matters relevant to the use of
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MSMA have been taken into account. Guidance is provided by the ERMA
New Zealand Ethics Framework Protocol.3 This framework acknowledges that
individuals and communities hold a range of ethical views. It has been
developed as a tool to assist all participants in the ERMA New Zealand
decision-making process to:
ask the ‗right‘ questions in order to identify areas where there are ethical
matters to be considered; and
use the answers to these questions to explore whether and how ethical
considerations need to be addressed.
2.4.2

The foundation of the framework is a set of ethical principles, supported by
procedural standards. The two general principles, which are embodied in the
HSNO Act and the Methodology, are:
respect for the environment; and
respect for people (including past, present and future generations).

2.4.3

Under these general principles is a set of specific principles:
concern for animal welfare
concern for autonomy
concern for co-operation
concern for cultural identity/pluralism
concern for human rights
concern for human dignity
concern for justice and equality
concern for sustainability
concern for wellbeing/non-harm.

2.4.4

The primary mechanisms for supporting the principles outlined in the
framework and for evaluating whether or not they are upheld are the procedural
standards of:
honesty and integrity
transparency and openness
a sound methodology
community and expert consultation
a fair decision-making process.

2.4.5

3

In preparing this application, ERMA New Zealand has applied the criteria in
the procedural standards listed above to its evaluation and review of all the
information available to it. ERMA New Zealand has been conscious of the
concerns expressed by parties who have supplied information to assist in the

December 2005, ER-PR-05-1 12/05.
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preparation of this application, and their beliefs that are the basis for these
concerns. When ethical dilemmas arise, ERMA New Zealand has described
them in terms of the framework.

2.5

Principles of the Treaty of Waitangi (Te Tiriti ō
Waitangi)

2.5.1

Section 8 of the Act requires the Authority, when considering applications, to
take into account the principles of the Treaty of Waitangi. Of particular
relevance to this application is the principle of active protection affirmed by the
Court of Appeal in the Lands case (1987).

2.5.2

It refers to the Crown‘s obligation to take positive steps to ensure that Māori
interests are protected, and to consider them in line with the interests
guaranteed to Māori in Article II of the Treaty. Specifically the Court noted
that ―… the duty of the Crown is not merely passive but extends to active
protection of Māori people in the use of their lands and waters to the fullest
extent practicable‖ (Cooke 1987).

2.5.3

Taking into account the principle of active protection requires this application
to provide sufficient evidence to show that the use of MSMA poses no risk of
adverse effects to native/endemic species and/or other taonga species,
ecosystems and traditional Māori values, practices, health and well-being. In
considering the level of uncertainty described in relation to the adverse effects
noted above, ERMA New Zealand considers that this application may currently
be viewed as being consistent with the principle of active protection.

2.6

Discussion of scenarios

2.6.1

The baseline scenario considered in this assessment is the current situation of
MSMA being available for use in weed control on selected turfs. The risks
involved in this scenario are considered under the use patterns in accordance
with current approvals described in Table 2. Section 3.5 provides full details
of current use in New Zealand.

Table 2:

MSMA use scenarios

Use

Application rate/assumptions

Two scenarios are modelled

In both scenarios AGPRO MSMA is applied to a sward that has a
good level of soil moisture. Wet soil is desirable to prevent burning
desirable turf species.
If possible 3-4 mm of water is then applied a day after application to
rewet the soil. If irrigation is not available application is scheduled
after rain.
In both of the following scenarios MSMA is applied in 300 to 400 L
of water per hectare via a boom sprayer.

Scenario 1
To control paspalum (reduce
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Result required MSMA is used to reduce the vigour of paspalum.
This prevents seed head production by paspalum for up to 10 weeks.
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Use

Application rate/assumptions

the development of paspalum
seed heads in turf)

Control undertaken annually.
Annual application
up to twice in a growing season (Dec- April);
at a rate of 6 L/ha;
12 to 16 weeks apart.

Scenario 2
To remove paspalum and
kikuyu from turf

Result required To remove paspalum and kikuyu from turf while
maintaining other turf species.
The following regime may be used for up to two consecutive years.
Once this is completed paspalum may be controlled by spot spraying
with roundup.
Continued use of MSMA should not be required.
Application
applied up to 6 times in a season (from September onwards) at a
rate of 6 L/ha; or
at a rate of 9 L/ha 4 times in a season.

2.6.2

Given the limited use of MSMA, ERMA New Zealand has considered only one
alternative to the existing situation. This is the removal of the revocation of the
approval for the import or manufacture of MSMA. Accordingly, ERMA New
Zealand has considered the effect of a ban on each of the two known uses.

2.6.3

To inform this reassessment, ERMA New Zealand sought information as to
alternative products and alternative management techniques (Table 3) that are
used to control the same weeds. ERMA New Zealand then compared the risks,
costs and benefits of removing the approvals for the import and manufacture of
MSMA with maintaining the current approvals.

Table 3:

Alternative products and techniques to replace MSMA

Current Use

4

Alternative Chemical
methods

Alternative Manual Methods

To reduce the development of
paspalum seed-heads in turf.

None

Increased mowing

Removal of paspalum and kikuyu
from turf

Spot spraying with
glyphospate

Manual removal

Boom spraying with
flazasulfuron

4

Not included in this table is the option of renovating the turf by removing all vegetation and
reseeding. Complete turf renovation does not currently require the use of MSMA but is a valid
management option to deal with a paspalum problem.
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SECTION THREE – THE SUBSTANCE AND ITS
LIFECYCLE
3.1

Identification of the substance(s)

1.5.4

The chemical identity of methylarsinic acid is summarised in Table 4. Please
note MSMA is used to refer to methylarsinic acid, its sodium salt and to the
effect of its derivatives on the environment and human health. Where the
particular form of organic or inorganic arsenic is important for the effect under
discussion it will be referred to by name and its relation to methylarsinic acid
described in the text.

3.1.1

For more detailed information see Appendix A.

Table 4:

Identity of methylarsinic acid and its sodium salt
Summary Information

Active substance

Monosodium Methylarsonate (MSMA)

Methylarsinic acid (MMA)

Synonyms

Monosodium methanearsonate

Methylarsenic acid
Monomethylarsinic acid;
Monomethylarsonate

Monosodium methanearsonic acid;
Monosodium methyl arsenate

Methanearsonic acid

Methylarsinic acid, sodium salt
Methyl arsonic acid
Sodium methyl arsonate
CAS Registry Number

2163-80-6

124-58-3

Molecular formula

CH4AsNaO3

CH3AsO(OH)2

Molecular mass

162

140
O

O

Structural formula

H3C

As OH
-

+

O Na

H3C

As OH
OH

3.2

Mode of action

3.2.1

Methylarsinic acid is an organic arsenical herbicide. The mode of action of
MSMA is not well known. However, MSMA does cause cell disruption where
it comes in contact with susceptible plant tissue (Duke 1992). It has been
demonstrated that methanearsonate can be photochemically reduced by
photosystem I of photosynthesis to form sulfhydryl group reagents, including
arsenomethane. Arsenomethane then reacts with sulfhydryl groups of ezymes
involved in carbon fixation and its regulation, inhibiting carbon fixation. The
reduction of carbon fixation in bright light causes rapid photo-oxidative
damage due to uncontrolled dissipation of absorbed light energy, ultimately
resulting in cell disruption. (Burke et al 2007).
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3.3

Review of hazardous properties

3.3.1

Hazard properties used to classify MSMA and its formulations are found in the
following appendices:
Appendix A – The physico-chemical properties of MSMA
Appendix C – Environmental fate and its effects
Appendix E – Human toxicology.

3.3.2
Table 5:

The HSNO classifications for MSMA are set out in Table 5.
Classification of MSMA
Classification
Methylarsinic acid

Classification
AGPRO MSMA 600

Subclass 6.1 Acute toxicity (oral)

6.1C

6.1C

Subclass 6.1Acute toxicity (inhalation)

6.1D

6.1D

Subclass 6.4/8.3 Eye irritancy/corrosion

6.4 A

6.4 A

Subclass 6.9 Target organ systemic toxicity

6.9A

6.9B

Subclass 9.1 Aquatic ecotoxicity

9.1 B

9.1 B

Subclass 9.2 Soil ecotoxicity

9.2A

9.2A

Subclass 9.3 Terrestrial vertebrate ecotoxicity

9.3B

9.3B

Hazard Class/Subclass

3.3.3

During the environmental assessment undertaken to support this application
(see Appendix C) the aquatic ecotoxicity classification was changed from 9.1C
to 9.1B on the basis of its effect on algae and aquatic plants.

3.3.4

During the toxicological assessment undertaken to support this application
changes were made to previous classifications in response to new information.
Namely:
the Acute dermal toxicity (6.3A) and Carcinogenicity (6.7B)
classifications were removed,
a classification of Acute toxicity (inhalation) (6.1D) was identified, and,
Target organ systemic toxicity was changed from a 6.9A classification to
6.9B

3.4

Lifecycle and use of MSMA

Product life cycle
3.4.1
Table 6:

The details of the manufacture, importation, transport, storage and disposal of
MSMA are summarised in Table 6.
Description of manufacture, importation, transport, storage and disposal of
formulations of MSMA

Manufacture
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MSMA 700 is imported into New Zealand from Malaysia and diluted after importation.
Importation
MSMA 700 is imported by sea in 200 litre drums.
MSMA 700 is diluted to 600g/l or MSMA 600 at the AGPRO factory in East Tamaki Auckland.
Dilution occurs in the factory using a mixing vat and all people engaged in the process adhere to the
required health and safety requirements.
MSMA 600 is packed into 5 and 20 litre containers.
Transport
All transport uses Chem Couriers and is principally by road direct to the user or to distributors.
Quantities transported vary between 5 and 300 litres and are transported on pallets if large quantities are
involved.
UN Number

2759

UN Transport Hazard
Classes

6.1

UN Packing Group Number

UN Model Regulations

Marine Pollutant?

IMDG Code

a

III

b

Storage
MSMA 600 is stored as per its classification and is supplied only to registered users with the correct
qualifications. Sales are noted in a poisons log.
Disposal
Pesticides and their containers should be disposed of in accordance with New Zealand Standard 8409
(2004). This covers unwanted chemicals, surplus spray mix and pesticide containers. Label
recommendations advise that users should triple rinse containers and add rinsate to spray tank.
Containers can be burnt in an appropriate incinerator, if circumstances such as wind direction permit.
Otherwise containers should be crushed or punctured and buried in a suitable landfill, or if appropriate,
recycle.
Notes to table
a.
UN Model Regulations are annexed to the most recently revised edition of the Recommendations on the
Transport of Dangerous Goods published by the UN
b. IMDG Code is the International Maritime Dangerous Goods code, as amended

Rates and method of application
3.4.2
Table 7:

The AGPRO MSMA 600 label and NZSTI submissions provided the following
information on application rates and frequency of use (Table 7).
Rates for use of AGPRO MSMA 600 (a.i. 600gm/litre)

Spray method

Product
rate

Critical comments

Boom spray
Label
Recommendations

9-11 L/ha in
400-500 L
water

Apply only when the grass weeds are young and in active growth.
Use the higher rate for initial treatment and the lower rate for repeat
treatments which will be necessary for complete control.

Boom spray
As per NZSTI

5-7 L/ha in
250 – 400L
water

On cool season turf from September to May when it is used to
prevent seed head production decreasing the frequency of mowing

Boom spray

9-11L/ha in

On cydnon and cool season turf from September to May. The
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As per NZSTI

250 – 400L
water

higher rate is used to remove paspalum completely from the sward
and may take up to 6 applications in one season.

Knapsack
Label
Recommendations

56 ml per
45 sq m in
4.5 L water

Ideally, spraying should start in November or December and allow
for a repeat spraying in the same growing season. Turf should be
closely mown not more than 7 days before spraying. Turf should be
thoroughly watered within 3-4 days before and after spraying.

Spot Spraying
Label
Recommendations

15-30 ml in
4.5 L water

Apply as a light wetting spray to the grass weed clumps taking care
to minimise overspray on the surrounding turf.
Repeat treatment as required.

3.4.3

MSMA should be applied with a boom-spray using low pressure nozzles.
Application is generally at pressures below 200 Kpa using 110 nozzles with no
more than 50 cm between nozzles sited 400 mm above the turf. A backpack
sprayer may be used particularly for spot spraying.

3.4.4

In New Zealand, AGPRO MSMA 600 is recommended for use on fine turf to
selectively control:
Paspalum dilatum (paspalum);
Pennisetum clandestinum (kikuyu); and
Digitaria spp (summer grasses).

Health and Safety
3.4.5

AGPRO MSMA must be under the control of an approved handler during use
and is tracked at the point of purchase. The turf industry states that its members
are very aware of the potential toxicity of MSMA. Although there will be some
variations, most operators will wear:
full spray suit;
respiratory and normally eye protection; and
gumboots.

3.4.6

To prevent bystander contamination most industry users display appropriate
signage and close the area for approximately half a day until the product is dry
on the leaf.

3.5

New Zealand usage

3.5.1

Submissions and personal communication with the New Zealand Sports Turf
Institute (NZSTI) confirm that MSMA is applied when paspalum and kikuyu
are actively growing between September and May. The frequency of
application is largely site specific and is most commonly:
for paspalum seed head suppression 2-3times /year.

3.5.2

For removing paspalum and kikuyu from turf , the number of applications are
influenced largely by budget but typically:
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golf fairways would be treated with 4-6 applications/year.
sports fields 2-3 applications /year.
3.5.3

To optimise the use of AGPRO MSMA 600 it is preferable that the soil
moisture is high under the turf, to minimise burning of desirable turf species. If
irrigation is available it is common to irrigate the turf three to four days before
spraying. Where irrigation is not available application is timed to coincide with
rain events.

3.5.4

In New Zealand there are two main types of turf grown where these weeds may
be a problem. These are:
cool season grasses (for example ryegrass, browntop) which are grown
throughout New Zealand and used primarily on golf courses (fairways,
rough and green surrounds) and sports fields;
warm season turf consisting of a monoculture of Cydnon dactylon
(cydnon or couch turf). Cydnon is a semi Tropical grass that can only be
grown in frost free areas and is increasingly being used on home lawns,
golf course fairways and sports fields in order to reduce the amount of
water used.

3.5.5

Industry sources5 have indicated that MSMA is used to:
reduce the mowing requirements of fine turf during the summer by
suppressing paspalum seed head production by approximately 30-50
percent;
control grass weeds in turf – specifically:
Digitaria spp and paspalum in cool season grasses;
for the selective control of rushes, kikuyu, Digitaria spp, paspalum
within cydnon surfaces;
in conjunction with triclopyr for the selective removal of kikuyu from
cool season grasses and cydnon turf. [Note: there are other herbicide
options on cool season grasses (Axall, Puma S, trichlopyr, etc) for
selectively removing kikuyu.]

3.5.6

Submissions indicate that MSMA is seldom used to control Digitaria Spp and
there are a number of commonly used alternatives. The hazards associated with
the use of these alternatives have been reviewed in Appendix B and it is noted
that there are options available with equivalent or lower toxicities for all
classifications. As a consequence, the use of MSMA for the control of
Digitaria Spp is not considered further.

3.5.7

MSMA is most likely to be used on higher quality turfs where a weed free
surface is required and may include:
golf courses;
bowling greens;

5

See Appendix K.
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stadia;
first class sports fields;
race tracks;
croquet lawns;
home gardens tended by commercial gardeners; and
turf that is grown for resale.
3.5.8

AGPRO New Zealand has indicated that 2500 to 3000 litres of AGPRO
MSMA 600 is used annually in New Zealand with the largest users being golf
courses. Its use is restricted to areas where paspalum and kikuyu are a problem
i.e. to areas north of Taupo in the North Island. An informal survey of golf
course managers undertaken by the NZSTI in 2008 indicated that 30 percent of
golf clubs north of Auckland and 10-15 percent north of Taupo use MSMA.

3.5.9

The next largest group of potential users are regional and city councils. A
number of the councils north of Taupo name both paspalum and kikuyu as key
weeds that require controlling on intensively managed areas in parks. The
attitude to herbicide use varies between councils. Some councils regularly use
MSMA in parks and high usage green space for weed control. Others, for
example Auckland City, have a policy of preferentially adopting non herbicide
management strategies and restrict the use of herbicides. These councils either
look to alternative turf management such as frequent mowing, hand
removal, hot water treatment, managing fertiliser application; or
choose not to control these weeds.

3.5.10

Low levels of MSMA may be used in any of the other areas mentioned in
paragraph 3.5.6. Widespread domestic use is unlikely since purchase of
MSMA is restricted and an approved handler qualification is required for its
application.

3.5.11

Application details documented above include use specified on the label and
equivalent information for off-label uses as advised to the Agency. Local
practices shape the patterns of use of most pesticides but, in the case of
MSMA, reports indicate that there are only minor variations between areas.

3.6

International usage

3.6.1

Australia: There are currently four registered products containing MSMA in
use in Australia. MSMA is on the priority list for chemicals to be reviewed.
To date no work has been undertaken. In Australia, MSMA is used for the
control of various annual and perennial grasses and burrs in cotton, annual and
perennial grasses in sugarcane, grass weeds in turf and prickly pear, grasses
and burrs in non-cropping areas such as roadsides, fence lines and storage
areas.

3.6.2

United States: MSMA products are currently registered for use on cotton and
turf. The EPA intends to initiate cancellation proceedings for the reregistration
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of all organic arsenical pesticides. This is based on the EPA‘s finding of
limited benefits, adequate alternatives, and drinking water cancer risk
exceeding the Agency‘s level of concern. The EPA concludes that the risks of
continued use on all sites outweigh the limited benefits of weed control.
3.6.3

The EPA cancellation will affect the herbicides MSMA, DSMA, CAMA and
cacodylic acid. Three million pounds (1.3 million kg) of MSMA or DSMA are
used per year (on average) and applied primarily to cotton and turf.

3.6.4

Canada: The one registered product containing MSMA in use in Canada was
phased out as of December 2008 because the importing company was not
prepared to provide evidence for a reassessment of the product. MSMA in
Canada was used to destroy pine trees infested with bark beetle to prevent
spread of the beetle.

3.6.5

EU: There are currently no MSMA products registered for use in the EU.
Arsenical pesticides were removed from the market in July 2003 under
directive 91/414/EEC.

3.7

Existing Controls

3.7.1

The lifecycle and hazardous properties of MSMA and its formulations are
managed through a variety of controls. These controls are prescribed as part of
the approval of these substances under the Act, and through requirements for
resource consents under the Resource Management Act 1991.

3.7.2

No controls are required under the ACVM Act because MSMA is not applied
to food or feed crops.

3.7.3

The Resource Management Act 1991 (RMA) regulates discharges to air,
ground or water and potentially therefore, conditions may also be imposed on
the use of MSMA formulations under the RMA, although there is no evidence
that this has been done to date. These conditions may legally be stricter than
controls under the HSNO Act, if that is appropriate for the purposes of the
RMA.

3.7.4

In addition, turf managers and operators using MSMA will be subject to the
requirements of the Health and Safety in Employment Act 1992 which includes
the obligation on employers to take all reasonably practicable steps to
eliminate, isolate and minimise significant hazards in the workplace.

3.7.5

The HSNO Act controls applicable to MSMA and its formulations are set out
in Appendix H. A summary of controls under other legislation is also set out in
Appendix H.

3.7.6

In Section 4, the risks costs and benefits of MSMA are identified and assessed.
This assessment is made under the assumption that there is compliance with the
existing controls (as described in Appendix H).
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SECTION FOUR – IDENTIFICATION AND
ASSESSMENT OF ADVERSE AND POSITIVE OR
BENEFICIAL EFFECTS (RISKS, COSTS AND
BENEFITS)
4.1

Introduction

4.1.1

The potential sources of risk to human health and to the environment from
MSMA are tabulated in Table 8.

Table 8:

Identification of potential sources of risk

Lifecycle Activity

Associated Source of Risk

Repackaging

An incident during repackaging or labelling

Local transport

Transport or handling incident on roads or during loading/unloading
resulting in spillage and subsequent exposure of people or the environment

Storage

Incident during storage, resulting in spillage and subsequent exposure of
people and/or the environment

Use

Exposure to users, bystanders and/or the environment during dilution,
mixing or use, or through exposure to residues on treated vegetation, soil,
feed items

Disposal

Disposal of the substance or containers, resulting in release of the
substance and subsequent exposure of people and/or the environment

4.2

Environment

Identification of adverse effects (risks and costs)
4.2.1

At all steps in the lifecycle (see Table 8) there is potential for MSMA to enter
the environment. MSMA is a persistent herbicide and there is a potential for it
to accumulate in soil and sediment with repeated use. MSMA is toxic to
aquatic life, soil organisms and to vertebrates (9.1B, 9.2A and 9.3B).

4.2.2

Given the persistency and hence potential for exposure and eco-toxicity there is
a potential for adverse environmental effects.

New Zealand Incidents
4.2.3

No environmental incidents have been reported to ERMA New Zealand or
recorded by the National Poisons Centre relating to MSMA.
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Assessment of potentially significant adverse effects (risks and costs)
4.2.4

ERMA New Zealand assesses the potential for adverse effects by comparing
the environmental exposure to the concentration causing effects.

4.2.5

Given the default controls, the likelihood of effects resulting from
incidents/spills during repackaging, local transport, storage or disposal is
considered to be highly improbable and therefore no further analysis was
performed.

4.2.6

The complex environmental fate profile of MSMA and the impact of
physiochemical factors in the environment on the form of arsenic are discussed
in Appendices A and C. This fate information is used in the environmental
exposure modelling presented in Appendix C. These estimates of exposure are
related to concentrations calculated to cause effects and to derive risk
quotients.

4.2.7

The conclusions of this risk assessment are summarised in Table 9 and are
discussed below:

Table 9:

Conclusions of the environmental risk assessment
Acute Level of
6
risk

Environment

Medium

1 m buffer zone

Negligible (low
level of concern)

Aquatic – sediment

Data unavailable

Unknown risk

Unknown

Terrestrial– bees

Low to negligible

Acceptable risk

Low to negligible

Terrestrial – soil dwelling
organisms

No data

Data sparse localised
effects within treatment
area possible. Effects
outside treatment area
unlikely.

Low to negligible

Terrestrial – Non-target plants

High

3m buffer zone

Negligible (low
level of concern)

Terrestrial – Birds

High

Unable to apply any
mitigation measures
decreasing risk

High

Long term effects to terrestrial
vertebrates and in the aquatic
and soil environments

Unknown

None

Unknown

4.2.8

7

Residual level of
risk

Aquatic – surface water

7

6

Risk mitigation measure

Aquatic – surface water: Refined exposure estimates show there is a medium
acute risk to algae/aquatic plants in ditches and streams from broadcast
treatments but this risk can be mitigated using a one metre buffer zone. No

As indicated by RQ were no mitigation measures are in place
With a predominantly herbivorous diet
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chronic toxicity data is available for aquatic organisms to allow a
characterisation of chronic risk.
4.2.9

Aquatic – sediment: No data available. This data gap is important given the:
expected persistence of this chemical and arsenics in general in the
sediment compartment; and
the possibility for large releases of arsenic from sediments in response to
changes in water chemistry.

4.2.10

Terrestrial – invertebrates: The risk to bees is low but there is no toxicity
data available to characterise risk to other terrestrial arthropods. No toxicity
data exists for earthworms or any other soil dwelling organisms8 so risk could
not be characterised. However, while localised impacts cannot be ruled out,
binding of arsenic compounds within the soil matrix and slow rates of
migration from the site of application indicate that the risk to earthworms and
soil dwelling organisms from use of MSMA are expected to be low in an off
field situation.

4.2.11

Terrestrial – non-target plants: Screening level exposure calculations based
on single applications at broadacre use rates identified potential risks to nontarget terrestrial plants outside the area of treatment. Refinement of drift
calculations suggests a downwind buffer zone of 3 metres from the treated area
to non-target terrestrial plants would lower the risk quotient to acceptable
levels.

4.2.12

Terrestrial – birds: Screening level exposure calculations indicate an acute
risk to bird species with a herbivorous diet. When single applications were
considered, the acute risk was not high. No chronic toxicity data is available to
characterise chronic risks to birds. Although arsenic compounds are persistent
in the environment, chronic exposure is not considered likely as MSMA will
not persist on foliage.

4.2.13

ERMA New Zealand concludes that if risk mitigation measures are put in place
to protect non-target plants the only levels of concern that remain are for acute
effects to birds in Scenario 2 (see Appendix C). With the data currently
available, the acute risk to all other environmental compartments is low or
cannot be assessed.

4.2.14

ERMA New Zealand notes that data is unavailable on soil and sediment acute
invertebrate toxicity, terrestrial invertebrates and on chronic effects to all
environmental trophic levels. As a consequence of arsenic‘s persistence in the
environment and its observed long term effects on human health (see Appendix
E), ERMA New Zealand considers that this lack of information on its effect on
other species is a significant concern and constitutes a risk of unknown
magnitude.

4.2.15

In conclusion, ERMA New Zealand considers that there are no risk mitigation
controls which will remove the acute risks to birds and that the possibility

8

including microorganisms
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exists that wider acute and chronic environmental risk may be associated with
the use of MSMA.

Identification of positive effects of MSMA
4.2.16

No positive effects on the environment were identified (see Appendix B).
MSMA alternatives were assessed on the basis of their hazard rating and it was
concluded that their associated risks are less or no greater than those associated
with MSMA. As a result there are no benefits associated with the use of
MSMA when compared to its alternatives.

Overall evaluation of risks and benefits to the environment
4.2.17

The risks to the environment from the use of MSMA outweigh the benefits.

4.3

Human health and safety

Identification of adverse effects of MSMA (risks and costs)
4.3.1

MSMA has the following toxicity profile: 6.1C oral, 6.1D inhalation, 6.4A eye
irritancy, and 6.9B target organ systemic toxicant. From the sources of risk
identified in Table 8 , the potentially significant risks to human health might
arise from the following activities:
accidents during importation, transportation, storage;
normal use; and
disposal of the substance.

Incidents
4.3.2

No data has been received from the national poisons centre on New Zealand
incidents that have been linked to MSMA. A number of human health
incidents internationally have been linked with MSMA. The interpretation of
the significance of these reports needs to take account of the different
application methods and controls that may be applied compared to New
Zealand. Some of the incidents will have arisen from practices that are not
undertaken in New Zealand and in most cases it is impossible to establish such
differences from the available reports. ERMA New Zealand therefore
concludes that, although incidents have been reported overseas, it is not
possible to determine their relevance to New Zealand.
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Assessment of potentially significant adverse effects (risks and costs)
4.3.3

ERMA New Zealand assesses the significance of adverse effects by comparing
concentrations of MSMA causing effects to the exposure of the following
groups of people: operators, bystanders, children and the general public.9

4.3.4

Given the default controls, the likelihood of effects resulting from repackaging,
local transport, storage or disposal is considered to be highly improbable and
therefore no further analysis was performed.

4.3.5

ERMA New Zealand modelled likely exposure of people during use of
MSMA. Details of the human exposure modelling and risk quotients are
presented in Appendix F. The conclusions of this risk assessment are
summarised in Table 10 and are discussed below.

Table 10: Conclusions of the occupational risk assessment
Stage of lifecycle

Level of risk10

Risk mitigation measure

Final level of risk

Prior to use and during disposal
accidents during
importation, transportation,
storage and disposal;

High

HSNO controls for toxic
substances and Transport
regulation

Negligible

During application and during the restricted re-entry period11
Field application , mixing
and loading

High

Full PPE

Negligible

Staff re entry following
application

Low

Low level PPE and entry
restrictions

Negligible

Bystanders – children from
contact with contaminated
surfaces

Low

Signs

Negligible

Members of public and
children entering sprayed
area following application

Low

Signs

Negligible

Mowing / weeding

Low

Long trousers and boots

Negligible

Bystanders exposed after the re entry period
High contact –adults12

Low

Not available

Low

Children

Low

Not available

Low

Exposure to drinking water

High

Change drinking water

Negligible

9

10
11
12

The effect of MSMA on soil arsenic levels will result in the potential exposure of the general public
to the effect of MSMA use for some time after application Persistence will vary from days to years ,
depending on soil properties such as soil moisture, temperature, chemical concentration, bacterial
population and amount of organic matter.
As indicated by RQ were no mitigation measures are in place
The period for limited re-entry is set at 24 hours
High contact adults would be those who are will spend 3 hours per day in unprotected contact with
treated turf or soil. may include gardeners on neighboring properties, those involved in sports that
involve contact with the turf
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Stage of lifecycle

4.3.6

Level of risk10

Risk mitigation measure
source

Final level of risk

During use and during the re entry period: The risk assessment shows
acceptable levels of concern are not exceeded for human health for:
operators using PPE during application;
workers wearing gloves, boots and long trousers for re-entry to sprayed
areas;
bystanders during application( from spray drift); and
members of the public playing low contact (with the turf) sports such as
golf.

4.3.7

For the higher application rates in Scenario 2, the risk assessment shows less
acceptable exposures during the re entry period with high risk quotients (RQ)
for unprotected re entry and marginal values if low level PPE is worn.

4.3.8

Risks can be mitigated if members of the public are prevented from entering
the sprayed area during the re entry period and turf workers restrict activities to
minimise contact with the sprayed area. Unprotected re entry for a single
application gives an RQ13 of 0.2 and 5 but assumes eight hour exposure. While
signs are not guaranteed to prevent public re entry it is unlikely that the public
will spend multiple hours on turf that has been recently sprayed. Signs to
exclude members of the public and re entry restrictions for turf workers will be
sufficient to mitigate these risks.

4.3.9

Post the re entry period: Risk assessment shows longer term risks after the re
entry period for bystanders are potentially increased. In both scenarios the
values for high contact activities for adults (RQ7-20) and children (RQ12- 35)
are elevated. These values may overstate the risk14 and it is likely that exposure
times will be lower, however risks will remain if children are exposed to
contaminated sites on a daily basis. Consequently, ERMA New Zealand
considers that longer term risks for bystanders are significant and low level.
Any elevated risk to golfers is within an acceptable range.

4.3.10

Estimated exposures to inorganic arsenic for children playing on contaminated
surfaces over an extended period raise concerns of elevated life-time cancer
risks. These risks range from marginal to high depending on the model used.
Generous exposure times in both models may overstate these risks for the
majority of children. Consequently, ERMA New Zealand considers that for
both scenarios children that play on treated areas daily will be exposed to a low
risk level.

13

14

Non cancer risks are measured in terms of Risk Quotients (RQ). A risk quotient over 1 indicates a
potentially unacceptable risk to human health. Cancer risks based on total arsenic are measured in
terms of Estimated Cancer Risk (ECR) where >1 estimates the additional cancer deaths in a
population of 10,000.
The model assumes a contact time of 8 hours for adults and 2 hours for children per day for 365
days per year.
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4.3.11

Contaminated Groundwater: Modelling predicted drinking water exposures
to MSMA derived inorganic arsenic raises concerns for additional cancer
deaths. The five year figure for scenario 1 indicates a risk increase of cancer
from 1 to 90 in 10,000. This is modelled on an arsenic level in water of 23 µg/l
which is one quarter of the level set by the MOH for acceptable drinking water
(100 µg/l or .01 mg/l).

4.3.12

Field sampling undertaken in the United States on golf courses with a long
history of applying arsenical herbicides has shown increased levels of arsenic
in the groundwater. The extent of any increase will be site dependant and
influenced by the size and throughput of the receiving aquifer. Some sites in
New Zealand have naturally high levels of arsenic in the groundwater. In these
situations, and where soil conditions allow arsenic to be leached in
groundwater; additional MSMA derived arsenic may result in MOH guidelines
for safe drinking water being exceeded.

4.3.13

The risks associated with arsenic contamination of drinking water supplies are
dealt with in the section following 4.4.8. ERMA New Zealand notes that
MSMA derived arsenic in drinking water will increase cancer risk but
considers that where arsenic level in groundwater exceed MOH guidelines, and
users of the groundwater are informed , this risk can be avoided by changing
the water source.

4.3.14

In conclusion, ERMA New Zealand considers that risk mitigation controls are
unlikely to reduce to negligible all the risks to human health and safety
associated with the use of MSMA and that there are significant residual effects
to human health and safety associated with the use of MSMA.

Identification of positive effects (benefits)
4.3.15

ERMA New Zealand considers the one potential health benefit associated with
the use of MSMA and its formulations is the prevention of injury of individuals
involved in physically controlling paspalum or spot spraying with a non
selective herbicide.

Assessment of positive effects of MSMA (benefits)
4.3.16

Paspalum can be removed from turf by applying a non-selective herbicide
using a knapsack sprayer or the manual removal of paspalum plants.

4.3.17

Both control methods are physically more taxing than the application of
MSMA via a boom sprayer and provide the opportunity for injury to the
operator. Injury may occur as either damage to the back or heat exhaustion
during summer months.

4.3.18

However, ERMA New Zealand is not aware of any data indicating that such
injuries occur more than rarely and considers that health and safety regulations
in place to regulate such activities in the workplace will be sufficient to prevent
physical harm to operators. Therefore, preventing injury of staff involved in
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weed control cannot be considered a material benefit resulting from the use of
MSMA.

Overall evaluation of risks and benefits to human health
4.3.19

Given the lack of benefits to human health the risks outweigh the benefits.

4.4

Society and the market economy

Identification of effects (benefits, risks and costs)
4.4.1

In preparing this application, ERMA New Zealand has considered effects on
society and community and effects on the market economy under the heading
of effects on society and the market economy. This includes both
socioeconomic effects, such as changes in price, employment, welfare etc and
other social effects such as increased or decreased anxiety and concern arising
from the use of the substance.

4.4.2

ERMA New Zealand identified adverse effects on society and the market
economy as shown in Table 11.

Table 11: Identification of potential effects on society and the market economy
Effect

Type of effect

Area of effect

Anxiety in people who are concerned about the continued use of
MSMA and its potential to cause chronic arsenic poisoning

Adverse

Society and the
Community

The cost of changing drinking water source on rural properties that
assess their drinking water from groundwater

Adverse

Market
Economy

Decreased options for land use where arsenic levels exceed
guidelines

Adverse

Market
Economy

MSMA decreases mowing costs by limiting paspalum seed head
production over the summer

Positive

Market
Economy

Control of paspalum and kikuyu in turf

Positive

Market
Economy

4.4.3

An assessment of the potentially significant adverse effects for society and the
economy identified by ERMA New Zealand associated with MSMA is
summarised below in Table 12 and discussed in the paragraphs below.

Table 12: Assessment of adverse effects on society and the market economy
Potential Adverse Effect

Magnitude

Likelihood

Level of risk

Anxiety re chronic arsenic
poisoning

Minor

Highly improbable

Negligible

Cost of changing drinking water
supply

Less than Minimal

Very likely

Negligible

Decreased land use options

Minor

Likely

High in North of Taupo
Low for New Zealand
as a whole
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4.4.4

Public anxiety Publicity concern regarding the risks associated with pesticides
has been evident since the publication of Silent Spring by Rachael Carson in
1962. A reported survey of pesticide related articles conducted in 2006
produced a ratio of 40 negative articles for each article with a more positive
view point. (Cooper et. al. 2006).

4.4.5

The role of arsenic as a poison is widely known and its potential to cause death
well understood. As a consequence, it is likely that some members of the
public will be concerned about the use of MSMA as a pesticide because of its
effect on arsenic levels in soil and water.

4.4.6

Individuals made aware of the use of MSMA will be concerned about the
potentially high arsenic levels and will express their concern to the media and
local authorities causing a degree of social disruption. However, because
MSMA use is localised, the social impact will be limited to single incidents
and the net level may be regarded as minor.

4.4.7

AGPRO MSMA 600 has been used in New Zealand for the last 10 years
without any significant public objection. Consequently, the level of anxiety due
to its use must be regarded as minimal to non existent. ERMA New Zealand
therefore considers that while there is the potential for public concern about the
use of MSMA evidence to date indicates that concern is not high and that it is
highly improbable that continued use will cause increased anxiety in the
community. Consequently, ERMA New Zealand concludes that the level of
effect on society due to increased anxiety regarding arsenic levels is negligible.

4.4.8

Drinking Water. 10.2 percent of New Zealand‘s drinking water currently
exceeds Ministry for the Environment (MfE) guidelines for human drinking
water. Modelling (see Appendix C and D) shows that the MSMA contribution
to arsenic levels in groundwater and ditches will exceed human drinking water
guidelines (0.01mg/1) after two years‘ use in Scenario 2 and within five years
for Scenario 1. Where groundwater levels are currently above zero, the human
guideline limits will be reached more quickly. The guidelines for livestock
(0.5mg/l) are higher than human levels and will not be reached in either
scenario.

4.4.9

Without external input of arsenic, levels of arsenic in water will not change.
Consequently, bore/freshwater that currently tests at acceptable levels and is
used for household water supply can be expected to remain safe for human
consumption.

4.4.10

The use of MSMA in a rural area, for example on a golf course, may
contaminate its neighbour‘s water supply where those neighbours use bore
access to groundwater. In this situation householders, who would otherwise
expect to remain on bore water, will need to change their source of household
supply to tank supply (rainwater). In practice, ERMA New Zealand considers it
is very likely that neighbours with contaminated bore water would choose to
change to tank water.
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4.4.11

Currently the cost of the change would be approximately $5,350 (see Appendix
D). For an individual household, this is a reasonable sized investment as a oneoff cost and could be considered to have a moderate effect on the household.
However, the number of households in rural areas that are likely to be affected
by increased water levels due to MSMA use (requiring a golf course or other
high quality turf as a neighbour and being situated North of Taupo) would be a
very small percentage of the New Zealand population. Therefore, the size of
the one-off cost in relation to the economy will be very small and the
magnitude of the effect should be considered less than minimal.

4.4.12

Consequently, ERMA New Zealand concludes the level of effect on the
economy of arranging alternative household drinking water does not require
further assessment.

4.4.13

Decreased land use options. Contamination of the environment with chemicals
that cause harm to human health is undesirable. If that chemical is persistent in
the environment, increases in environmental levels will be present for longer.
Arsenic is a persistent chemical that does not readily move from the site of
application and can accumulate to high levels over time.15

4.4.14

The Ministry for the Environment (MfE) has produced guidelines that identify
levels for a range of contaminants that are designed to provide a good level of
protection by ensuring that long terms risks are tolerably low. Different levels
have been agreed for a range of activities. Values are conservative and assume
a typical exposure period of 30 years. City and regional councils use these
guidelines when approving land use and are responsible for authorising
subdivisions and changes in land use.

4.4.15

The modelling in Appendix C calculates the potential increase in soil arsenic as
a consequence of MSMA use. It is difficult with the current understanding of
arsenic transformations in the soil to calculate definitive figures. Modelling
has been produced with different assumptions including:
the depth of soil the arsenic will be received by (5 or 10cm); and
either no dissipation (where all arsenic will remain in the soil) or a half
life of 10 years where 50 percent of the arsenic is lost every 10 years.

4.4.16

15

Appendix D models the effect of adding these figures to representative
environmental levels and comparing the result with the MfE guidelines. The
modelling shows that regular application of MSMA to control paspalum seed
head development will lead to reduced land use options over time. In the worst
case scenario, where arsenic accumulates only in the top 5cm and there is no
dissipation, soil arsenic levels will exceed safe levels for commercial buildings
(500mg/kg) within 91 years making the land unsuitable for any land use and
likely subject to remediation as a contaminated site. It is unlikely that this
scenario is realistic. The best case scenario shows that within 30 years the land
will exceed the guidelines for agricultural and standard residential use and will

For example, old sheep dip site have levels in the soil of up to 3500 mg/kg compared to the normal
level of 0-12mg/kg in Auckland soils.
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have increased the arsenic levels to four times the high end levels of the
naturally occurring Auckland soils (or 12mg/kg).
4.4.17

The modelling does show that the potential for an increase in total soil arsenic
levels as a result of MSMA is likely and that MfE guidelines will be exceeded
at some level.

4.4.18

Decreased land use options are costly in terms of convenience and potentially
dollars. While the value of land for high density residential areas will
eventually be higher than agricultural land16 or standard residential land there
is little demand for high density residential land in the outer suburbs of a city
or near a small town. Consequently, ERMA New Zealand considers that the
fall in land values due to reduced land options will negatively affect individual
land owners and reduce the planning options for Councils. This results in a
negative effect on all of society. ERMA New Zealand considers this represents
a minor effect on the economy.

4.4.19

Consequently, ERMA New Zealand concludes the level of effect that reduced
land options will have on land owners and local councils will be high in the
limited number of areas where MSMA is used. However, since this is will only
occur North of Taupo the effect on New Zealand as a whole should be regarded
as low.

Assessment of positive effects (benefits) on society and the economy
4.4.20

ERMA New Zealand has assessed beneficial effects associated with the use of
MSMA on the market economy and society and communities as shown in
Table 14.

Table 14: Identification of beneficial effects on society and the market economy
Potential Positive Effect

On

Lower mowing costs
Control of paspalum and
kikuyu in turf

Magnitude

Likelihood

Less than minimal
High Quality turf

Minimal

Low quality turf

Less than minimal

Level of effect
Negligible

Likely

Medium
Negligible

The two potential positive effects identified are discussed in the following
paragraphs below (and are in Appendix B as part of the consideration of
alternative controls).
4.4.21

16

Lower Mowing costs. MSMA can be used to reduce the frequency of mowing
on turf that contains paspalum (possible reduction from once every 3 days to
once a week between December and April) resulting in a cost savings of
approximately 30 percent or $560/ hectare/year.

Dairy farms in the Waikato are currently selling in the vicinity of $40-$50,000 per hectare compared
with a town house in Auckland at $350,000 plus.
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4.4.22

In its discussion on alternatives (see Appendix B) ERMA New Zealand has
concluded that for high quality turf17 these savings will be low in comparison
with the other costs associated with the maintenance of that turf. For lower
quality turf18 where these costs are likely to represent a higher value in
proportion to turf maintenance costs, turf managers are less likely to be
concerned about the presence of seed heads and so are less likely to undertake
additional mowing. The magnitude of the benefit turf owners will receive from
the use of MSMA will be less than minimal.

4.4.23

Costs associated with paspalum and kikuyu control. MSMA costs $1200 per
hectare per year to remove paspalum and kikuyu from turf. The use of less
efficient or more expensive control options may increase the costs of turf
maintenance. Alternative methods include:

4.4.24

a)

use of flazasulfuron on cynodon turfs;

b)

physical removal or spot spraying with a non selective herbicide;

c)

regular turf renovation to remove weeds; and

d)

acceptance of paspalum and kikuyu as a turf plant.

Different organisations have different approaches to turf management. To
simplify the discussion, ERMA New Zealand has categorised turf according to
the quality of the turf required as either:
high quality turf where playing surface and aesthetics are important
considerations; and,
lower quality turf where a smooth surface and aesthetics are not a high
priority.

4.4.25

High Quality Turf. It is assumed that managers of high quality turf will
manage their turf to keep it paspalum and kikuyu free. In the absence of
MSMA they will need to use a combination of treatments a, b and c listed
above.
Flazasulfuron is the only herbicide registered for use in New Zealand that
may potentially be used. It does not currently have label
recommendations for control of these species in turf, is unproven in
New Zealand and will be 70 times more expensive than MSMA. It has
been used successfully in the United States on cynodon turf, and has
HSNO approval for import into New Zealand. It has a lower hazard
rating than MSMA.
Manual removal of weeds and spot spraying with selective herbicides is
likely to compare more favourably with MSMA in terms of cost but the
time input required and the effect on the look and usability of the turf
will cause concern where a smooth surface is required.

17

18

High quality turf being that turf found on high profile, high usage playing surfaces such as first class
playing fields, fairways and commercial turf nurseries.
Low quality turf includes turf used in public and recreational areas that does not need to be
maintained to the same aesthetic or playing surface standard as high quality turf and may include
general playing fields, park land, green space, and some golf course rough areas.
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Turf renovation is expensive with a high upfront cost ($10,000 to
$30,000 per hectare) and removes the turf from use for a period.
However, it does provide a method for dealing with areas where the
weeds have become a problem and will allow other issues associated
with the area to be addressed at the same time.
4.4.26

The balance of costs and benefits associated with each method will be very site
specific and may vary considerably. ERMA New Zealand considers that on
high quality turf MSMA does provide a cost effective tool that allows turf
managers to efficiently provide a high quality surface and maximise the
potential life of the turf. The magnitude of the cost savings for the New
Zealand economy and the relative convenience of MSMA will be minimal.
The likelihood that there will be a positive effect is likely in areas where
MSMA is used. ERMA New Zealand notes that MSMA is restricted to areas
north of Taupo and there are a number of councils in this area that do not use
MSMA.

4.4.27

Consequently, ERMA New Zealand considers that the level of benefit
associated with the use of MSMA on high quality turf north of Taupo will be
medium.

4.4.28

Low quality turf. Turf where a smooth surface and aesthetics are not a high
priority is less likely to have MSMA used as part of its regular management
regime. In these situations spot treatment of nuisance plants or periodic low
cost renovation will be sufficient tools for turf managers. It was noted in the
discussion of nonchemical alternatives that some turf owners prefer to use
nonherbicide management practises.

4.4.29

ERMA New Zealand therefore concludes that in low quality turf there are
sufficient control measures available to replace the use of MSMA and so the
magnitude of any benefit offered by MSMA will be less than minimal.

4.4.30

Consequently, ERMA New Zealand considers that the level of benefit
associated with the use of MSMA on low quality turf does not require further
assessment.

Overall evaluation of risks and benefits to society and the economy
4.4.31

ERMA New Zealand identified three potentially adverse effects and two
potential benefits associated with the use of MSMA in terms of its effects on
society and the economy. Qualitative assessment of these adverse and positive
effects has shown that the only significant effects are:
the adverse effects associated with increasing levels of arsenic in soil as a
consequence of long term MSMA use would have a high level effect on
future options for land use;
increased costs associated with the cost of paspalum and kikuyu control
where the lack of MSMA would have a medium level effect on their
control in high quality turf.
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4.4.32

ERMA New Zealand considers that the persistence of arsenic and its effect on
the long term consequences of reduced land use options outweigh any benefit
of improved weed control on high quality turf and so considers that with
regard to society and the economy, the risks of use of MSMA in New Zealand
outweigh the benefits.

4.5

Māori interests and concerns

4.5.1

Iwi/Māori interests have not been specifically consulted in the preparation of
this application. However, ERMA New Zealand has received clear messages
at several hui with iwi/Māori resource managers that unless substances provide
clear benefits to outweigh potential risk, they generally oppose the ongoing use
of the substance. It is likely that, in the absence of further information
regarding benefits, submissions from Māori would seek the revocation of the
approvals for MSMA.

4.6

International obligations

4.6.1

MSMA and other arsenical herbicides have been removed from the market in
the EU and Canada. De-registration and future reassessments are scheduled in
the USA and Australia.

4.6.2

MSMA is not subject to the requirements of the Prior Informed Consent
procedure provided for in the Rotterdam Convention nor is it listed as a
Persistent Organic Pollutants under the Stockholm Convention. There are no
international obligations on New Zealand to limit the use of MSMA from a
pesticide perspective.

4.6.3

The Joint Food and Agriculture Organization / World Health Organization
Expert Committee on Food Additives (JECFA) has set a Provisional Tolerable
Weekly Intake (PTWI) of 15 micrograms per kilogram of bodyweight per
week for inorganic arsenic.

4.6.4

Data collated by New Zealand Food Safety Authority indicates that the
majority of fresh milk, fruit, meat and vegetables sold in New Zealand have an
upper arsenic level of 1 microgram per kilogram of food. It is unlikely that the
consumption of New Zealand food either nationally or internationally by a
single individual will exceed the recommended levels of arsenic. The
additional contribution that MSMA may make to the arsenic levels in food will
be very localised and is unlikely to affect any of New Zealand‘s international
obligations concerning levels of arsenic in food.
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SECTION FIVE – LIKELY EFFECTS OF MSMA
BEING UNAVAILABLE
5.1.1

ERMA New Zealand has considered alternative scenarios that might arise if
the use of MSMA was restricted or prevented (see Section 2.6) and the
alternative substances that can be used to replace MSMA (see Appendix B).

5.1.2

A comparison of the HSNO classifications of alternative chemicals is presented
in Appendix B. In undertaking this assessment, ERMA New Zealand did not
search for additional information, relying on the information it holds on file.
Using this information, ERMA New Zealand concluded that the alternative
chemicals have equivalent or lower toxicities for all classifications other than
in the aquatic environment and can be regarded as having lower average hazard
ratings.

5.1.3

Evaluation of all the alternatives has indicated that there are a range of control
measures (both chemical and cultural listed) that can be used in place of
MSMA but that no one technique can be used in its place. These control
methods and their costs and benefits are summarised in Table 15.

Table 15: Comparison of alternative treatments for the management of paspalum and
kikuyu in turf
Control option

Adverse effects

Beneficial effects

Overall

For removal of Paspalum and Kikuyu from turf MSMA cost $1200/ha
Selective control of
paspalum and
kikuyu using
flazasulfuron

Expensive $31,000/
hectare/annum
(product 70 times cost
of MSMA/ ha )

EU indicates Overall
environmental and
human health risk
acceptable

Higher aquatic hazard
rating than MSMA

Potentially allows for
selective control of
paspalum and kikuyu

Limited trialling in
New Zealand

Non selective
control of paspalum
and kikuyu
Herbicides and Hot
water treatment

Minimises the aesthetic
and surface quality
impact on turf during
treatment

Time consuming

Low Hazard levels

Removes surrounding
plants resulting in
rough turf surface

Allows for removal of
weeds without high
physical input

May restrict use of
turf for a number of
weeks while turf reestablishes on ―spots‖

While cost density
dependent likely to be
comparable to MSMA
use
Allows for removal of
weeds without high
physical input
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Control option
Hand weeding
paspalum and
Kikuyu

Turf renovation

Adverse effects

Beneficial effects

May restrict use of
turf for a number of
days while turf reestablishes

No environmental
impact

Physically demanding
and time consuming

While cost density
dependent likely to be
comparable to MSMA
use

Relatively expensive
$10,000-$30.000 / ha.

Once completed can be
managed to produce
good quality weed free
turf

Cannot be used for
selective control of
target plants
Removes the area
being treated from use
for a period of months

Allows for selective
removal of target plants

Guarantees removal of
established plants

Overall
Likely to be
suitable for low
weed densities
and will have a
minimal impact
on turf surface
but physically
demanding
Suitable for total
weed control but
expensive and
removes turf from
use for several
months.

Cannot be used to
efficiently treat low
levels of infestation
Managing weed species without their removal
Mowing to remove
seed heads

Requires on going
management i.e.
unable to spray and
―forget‖

MSMA use reduces
costs by $1040 /hectare
or 54% over 16 week
period

Mowing costs may
proportionally
increase in the future
if fuel costs increase

No environmental risks
from the application of
pesticides
Efficiently removes seed
heads

Directly replaces
MSMA at an cost
annually of
$1040/ hectare.
Future cost
differential likely
to increase if fuel
rises in price

No residues
Acceptance of turf
containing paspalum
and kikuyu

May lead to more
frequent turf
renovation

No cost involved
No environmental or
human impacts from

Suitable for some,
but not all, areas

Presence of weeds in
turf aesthetically
unattractive and a
physical nuisance in
terms of sticky seed
heads and uneven turf
surface

5.1.4

ERMA New Zealand identified three scenarios for MSMA use that need to be
considered separately to cover all the uses of MSMA. These scenarios are
considered in Table 16 and discussed in the following paragraphs.
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Table 16: Summary of options for paspalum and kikuyu management
Outcome desired /
current use

Possible situations

Alternative Control
measure (s)

Comment

Scenario 1To reduce
the development of
paspalum seed heads in
turf

All turf

Increased mowing

Currently little
difference in costs.
May change with
increase in fuel
prices

Scenario 2a Removal
of paspalum and kikuyu
– from high quality
turf where playing
surface and aesthetics
are important
considerations.

Golf fairways and
roughs,

Use of Flazasulfuron

More expensive
and/or time
consuming but
equivalent control
possible

Scenario 2b Removal
of paspalum and kikuyu
– from lower quality
turf situations where
surface and aesthetics
not a high priority

Golf course rough

Putting greens,
First class sports
stadiums

Limited physical
removal
Turf renovation

High profile
public green space
Parkland
Public green
space

Accepting the presence
of paspalum and
kikuyu
Spot spaying or
Physical removal of
low numbers of plants
Turf renovation

5.1.5

An agreed level of
control can be
determined with
the costs of control
being balanced
against the
―nuisance‖ value of
paspalum

ERMA New Zealand identified the following sources of uncertainty in
performing this comparative analysis:
there may be other active ingredients than those considered in these
alternative scenarios if MSMA was not available;
the exposure and effects analysis on the alternative products was not as
comprehensive as that performed on MSMA; and
restricting the suite of pesticide modes of action available may lead to a
reduced ability to manage resistance in the grasses controlled.

5.1.6

The benefits of MSMA relative to those associated with alternative active
ingredients are covered in section 4.4. Analysis of the two scenarios is
summarised in Table 16 and has shown that within the range of control options
available for the management of paspalum seed head production and for
paspalum and kikuyu removal from turf:
managers of low quality turf have a range of cost effective options that
will allow them to replace MSMA and its removal should not have a
significant effect on weed control; and
managers of high quality turf have a range of options that will allow them
to maintain existing levels of control at a higher cost and greater
inconvenience.
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SECTION SIX – OVERALL EVALUATION
6.1.1

Environmental classification of MSMA undertaken as part of this assessment
has resulted in changes in the classifications 9.1C to 9.1B.

6.1.2

In the absence of exposure information, ERMA New Zealand has used
quantitative exposure assessment models to determine the levels of risk to
human health and the environment. This exposure modelling has been
restrained by a lack of long term data in the environmental compartments and
has taken a conservative approach with regard to human health. Arsenic is
persistent and is known to cause acute effects to vertebrates and plant life.
Long term chronic effects are likely to occur.

6.1.3

On the basis of this information, the Agency‘s interim evaluation is that there
are significant (non-negligible) risks associated with the use of MSMA in New
Zealand which outweigh the benefits and need to be managed. These risks are
in most cases long term and associated with the persistency of arsenic and its
potential toxicity. Most notably:
Acute effects on birds particularly those with a predominately
herbivorous diet.
The unknown long term risk to the environment associated with
increased arsenic levels as a consequence of arsenics persistency.
Long term non cancer risks for users of sprayed areas undertaking
activities that involve high contact with the soil.
Elevated cancer in people exposed to sprayed areas as children (resulting
from contact with soil on nearby properties or on sprayed areas).
Unacceptable arsenic levels in drinking water resulting from the repeated
use of MSMA.
Decreased land use options due to increased soil arsenic levels.

6.1.4

Significant benefits associated with the use of MSMA are restricted to its use
on high quality turfs north of Taupo.

6.1.5

ERMA New Zealand notes that there are a number of chemical, cultural and
physical options which will allow turf managers to achieve the same level of
control provided by methylarsinic acid and its sodium salt and that there are
limited risks associated with alternative control practises.

6.1.6

ERMA New Zealand considers that for the management of paspalum seed head
production in turf and weed control in low quality turf that there should be no
significant effect on turf managers if MSMA is not available. For high quality
turfs the same level of control can be achieved with higher costs and
inconvenience.

6.1.7

ERMA New Zealand notes that comparison of risks and benefits – to the
environment, human health and safety and society and the market economy –
requires value judgements. These have been taken into account in making
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recommendations and the Authority will take these into account making its
decision.
6.1.8

This evaluation takes into account that ERMA New Zealand currently does not
have sufficient reliable information in order to assess or verify:
the extent to which the herbicide flazasulfuron can replace the services of
MSMA;
the magnitude of the benefit derived by managers of high quality turf in
relation to their overall maintenance costs; and
the effectiveness of alternative treatments in terms of the suitability on a
range of turfs and their cost effectiveness.

6.1.9

Although some information on these matters has been provided to ERMA
New Zealand in the course of preparing this application, the statutory public
submissions period allows a further opportunity for information to be provided
which could result in the Authority establishing a higher level of risks, costs or
benefits.

6.1.10

In addition, there is the following uncertainty in the assessment of the adverse
effects:
the actual rates of conversion and long term equilibrium between MSMA
derived organic arsenical compounds and the more toxic inorganic
arsenics;
depth of infiltration into the soil of MSMA derived arsenic and potential
rates of dissipation from New Zealand soils;
the chronic effects of MSMA introduced arsenic on all environmental
compartments; and
the mutagenic effect of MSMA on human health.
ERMA New Zealand also notes that due to the high variability of arsenic
levels in the New Zealand environment, the additive effect of MSMA
derived arsenic may be significantly influenced by the site.

6.1.11

Clauses 29 and 30 of the Methodology19 provide that where there is scientific
and technical uncertainty, the Authority must consider the materiality of the
uncertainty and if it cannot be resolved to its satisfaction, the Authority must
take into account the need for caution in managing the adverse effects of the
substance.

6.1.12

Given the information currently before it and taking account of the need for
caution, ERMA New Zealand makes the preliminary recommendations set out
in Section 7.

6.1.13

ERMA New Zealand has assessed the use of alternative management
techniques to control paspalum and considers that they pose fewer risks to the
environment than the use of MSMA (Appendix B) and long term effects on
human health (Appendix E). Therefore ERMA New Zealand considers that the

19

Hazardous Substances and New Organisms (Methodology) Order 1998 (SR 1998/217).
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removal of MSMA from use in New Zealand will decrease the overall level of
risk to the environment and human health.
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SECTION SEVEN – RECOMMENDATIONS
7.1

Use of environmental user charges to reduce adverse
effects

7.1.1

Section 96 of the Act allows the Authority to report to the Minister on the
possibility of the application of an environmental user charge where the
Authority considers that such a charge (or charges) would be cost–effective
and result in the reduction of likely adverse effects similar to that which would
be achieved by controls under sections 77, 77A and 77B of the Act.

7.1.2

In this instance there is no evidence of the availability of environmental user
charges that would achieve such a result.

7.2

Agency recommendation

7.1.3

ERMA New Zealand recommends that approval for the import and use of
methylarsinic acid and its sodium salt should be revoked. This
recommendation is made on the basis that the risks associated with the use of
methylarsinic acid and its sodium salt in New Zealand outweigh the limited
benefits of use so far identified. The key risks of concern identified in this
application relate to the persistency of arsenic, its potential to accumulate in the
environment and to impact over the long term on human health.

7.1.4

ERMA New Zealand recognises on making this recommendation it has taken a
conservative approach when balancing of risks, costs and benefits and that the
recommendation reflects the precautionary approach required under the Act
where there is scientific and technical uncertainty about effects. In the case of
methylarsinic acid and its sodium salt, the main area of uncertainty arises from
the lack of data on the chronic effects in the environment and detailed
information on the fate of organic and inorganic arsenic in soil and
groundwater over time.
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APPENDICES
APPENDIX A: CHEMICAL AND PHYSICAL
PROPERTIES OF THE ACTIVE INGREDIENT
Chemical identity and use of terms
Table A1: Summary of Chemical Identity
Common name

Monosodium Methylarsonate (MSMA)

Methylarsinic acid (MMA)

Synonyms

Monosodium methanearsonic acid;

Monomethylarsinic acid;
Monomethylarsonate

Monosodium methanearsonate
Monosodium methyl arsenate

Methanearsonic acid

Methylarsinic acid, sodium salt
Methylarsenic acid, sodium salt
Methyl arsonic acid
Sodium methyl arsonate
CAS Registry
Number

2163-80-6

124-58-3

Molecular formula

CH4AsNaO3

CH3AsO(OH)2

Molecular mass

162

140
O

O

Structural formula

H3C

As OH
-

+

O Na

H3C

As OH
OH

Terms used in this application
Throughout the main body of this document the abbreviation MSMA has been used to
discuss the effect of methylarsinic acid, its sodium salt and the derivates that form in the
environment, consequence of mammalian metabolism and as a consequence of its
interaction with a range of environmental and metabolic influences. Where the effect of
the derivative has had an important bearing on the toxicological or ecotoxicological
assessment of the herbicides the specific derivative is referred to.
When considering the effect of MSMA on the environment and human health the form
of arsenic is important. The literature contains a considerable amount of work on arsenic
and associated forms and compounds. Unfortunately comparison between documents
can be difficult because of the range of synonyms and the acronyms that are used for the
same compounds. To clarify the naming of arsenical compounds in the following
appendices, the following list of generic terms have been listed in Table A2 and
acronyms compiled in Table A3.
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Table A2: Generic terms used in relation to arsenic
Term
Total Arsenic

Synonyms in text

Name represents

Arsenicals

In organic plus organic arsenic
forms

Arsenic ( where appropriate)
As
Inorg-As

Inorganic arsenic
v

Arsenite = As(V) = (As )= iAs

V

Arsenates and arsenates and
their derivatives

Arsenate = As(III) = As III= iAsIII
Organic arsenic

MSMA
tri methylarsinic acid

Any carbon containing arsenic
compound

MMA,
DMA(III), DMA(V)
TMAO
Volatile arsenic

Alkyl arsines

Gaseous forms of arsenic

Volatile arsinses

Table A3: Details of specific arsenic compounds mentioned in the assessments
Chemical Name

Structure No

Oxidation state

Abbreviation

CAS no:

V

MSMA

2163-80-6

V

MMA

unknown

III

MMA(III)

124-58-3

V

DMA

75-60-5

Organic arsenicals
Monosodium methyl
arsonate

OH
Na+

–

O

O

As
CH3

mono methylarsinic acid

mono methyl arsonous
acid

O
H3C

As

OH

OH
di methylarsinic acid or
cacodylic acid

O
H3C

As

OH

CH3
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Chemical Name

Structure No

di methyl arsinous acid

OH
H3C

Oxidation state

Abbreviation

CAS no:

III

DMA(III)

55094-22-9

V

TMAO

4964-14-1

III

As(III)

15502-74-6

V

As(V)

15584-04-0

As
CH3

tri methylarsinic acid

O
H3C

As

CH3

CH3

Inorganic arsenic
Arsenite

O–

–

O
As
O–

Arsenate

O
–

O

As

O–

O–

Overview of arsenic forms
In the environmental ph range MSMA will readily dissociate to sodium cations and
methanearsonate anion to form MMA. The parent MSMA/MMA may undergo
degradation or transformation, to other forms of organic or inorganic arsenic. The main
forms appear to be through methylation to dimethanarsonate acid (DMA) or
demethylation to inorganic arsenate (which may then further reduce to arsenite).
Further discussion on the transformation of arsenic relevant to the environmental and
human metabolism, is included in the ecotoxicological report (see Appendix C) and
toxicological report (see Appendix F).

Information on the ERMA register
Registration of the Active ingredient Methylarsinic acid was transferred to the HSNO
framework via the Hazardous Substances (Chemicals) Transfer Notice on 1 July 2006;
approval code: HSR003391. On the ERMA register it is recognised as having the
following synonyms:
MSMA
Methanearsonic acid, monosodium salt
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Sodium methanearsonate
Monosodium methylarsonate
Consequently this approval is considered to cover both methylarsinic acid and its
sodium salt, despite the Transfer Notice records referring only to the acid.
Registration of the Trade product A soluble concentrate formulation containing
600g/litre methylarsinic acid (as the sodium salt) was transferred to the HSNO
framework via the Hazardous Substances (Pesticides) Transfer Notice on 15 June 2004;
approval code HSR000538 (previously registered under ACVM Act with ACVM
approval number P004609 and recently removed from the register when it was
recognised that this chemical is not used on food crops).
The Physiochemical properties of methylarsinic acid and AGPRO MSMA 600 are listed
Tables A4 and A5.
Table A4: Physico-chemical properties of the active ingredient (Source US EPA 2006)
Property

Value

Melting point

116-121oC

Boiling point / boiling range

Boiling range 108-112 (anhydr)20

Physical state / Appearance

Colourless powder

Relative density

1.65 g/mL

pKa

MSMA

pKa 4.0 (approx)

DSMA

pKa 9.0 (approx)

Vapour pressure

7.5 X 10-7 mmHg

Solubility in water

1040 g/L

Solubility in organic solvents

160 g/L (methane)
0.05 g/L (hexane)

n-Octanol/water partition coefficient
(POW or log10 POW)

20

<1

Chem watch Material Safety Data Sheet 0n http//max.chem.net/cg2/msds.exe

MSMA Reassessment – Application

February 2009

Page 49 of 272

Table A5: Physico-chemical properties of AGPRO MSMA 600 (Information supplied to
ERMA New Zealand by the importer)
Property

Value

Formulation type

Soluble concentrate containing 600gm/l
methylarsinic acid as the sodium salt

Physical state / Appearance (colour, odour)

Greenish Liquid

pH

5.8

Flammability / auto-flammability (including
flash point and other indicators where
relevant)

N/A

Soluble in

Water

Density / relative density / bulk density
where relevant

1.42 g/ml@ 250C
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APPENDIX B: ALTERNATIVE SUBSTANCES AND
MANAGEMENT OPTIONS TO THE USE OF MSMA
Information received
In the preparation of this document ERMA New Zealand contacted a range of industry
representatives regarding the use of MSMA and potential alternatives that can be used
to replace its use.
The New Zealand Sports Turf Institute (NZSTI) indicated that MSMA is primarily used
within the turf industry as indicated in Table B1.
Table B1: MSMA use on Turf in New Zealand
Species
controlled

Used on

Product Rate

MSMA used

paspalum control

cool season
grasses21

6l/ha22 6 times a
year

yes

Digitaria spp,
rushes and
paspalum

cynodon turf23

kikuyu

cynodon turf and
cool season
grasses

Prevent paspalum
seeding

cynodon turf and
cool season
grasses

Alternatives
available for

yes

rushes and summer
grasses

9l/ha 4 times a
year

Yes in conjunction
with triclopyr

kikuyu control in
cool season grasses

6 l/ha twice a year

Yes at lower rate
than for control

None

The industry has indicated that there are suitable alternatives available for the control of
Digitaria species but that there are currently no herbicides available for the control of
paspalum or kikuyu in turf. There was no mention of non chemical alternatives.
Information obtained from regional and city councils indicated that the attitude to
herbicide use varies between councils. A number of councils now minimise the use of
MSMA. For example Auckland City Council has published a policy on weed
management that is indicative of the approach used by these councils. This policy
names paspalum and kikuyu grass( when not in turf) as key weeds to control on
intensively managed parks and indicates that the council will preferentially implement
non- herbicide strategies. It requires a criterion based application to an internal
committee before herbicides may be used on specific sites.
The policy documents a range of non herbicide strategies that may be used in
controlling park weeds some of which may be used on paspalum. These include:
21
22
23

Cool season grasses include turf where the principal turf species are either ryegrass or browntop
Equivalent to 185 ml/15 litre knapsack
Cynodon is increasingly being used on home lawns, golf course fairways and sports fields in order to
reduce the amount of water used in frost fee areas in New Zealand.
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Frequent mowing and use of weed-eaters,
Frequent hand or mechanical weeding,
Hot water application, and
Implementing turf management strategies for lawns.
Alternative non chemical approaches are summarised in Table B2. Unlike chemical
alternatives the control options apply to both cool summer and cydnon turf.
Table B2: Non chemical management for species controlled by MSMA24
Control

Comment

Physical removal of paspalum and kikuyu
(weeding or hot water application)

Likely to be of use for low density infestations

Control of paspalum or kikuyu by undertaking
complete turf renovation25

Dependent on quality of turf required and
infestation. Valid if weed numbers are high and/or
high quality turf required

Frequent mowing or weed eating to remove seed
heads

Mowing can efficiently remove seed heads on
untreated turf by increasing mowing frequency from
bi weekly to twice weekly

Acceptance of turf containing paspalum and
kikuyu

May lead minor annoyance in users and to more
frequent turf renovation depending on public
requirements

ERMA New Zealand identified two scenarios for assessment purposes (see Table 2).
These are:
Scenario 1: Control of paspalum to reduce seed head development in turf.
Scenario 2: Removal of Paspalum from turf.

Assessment of Chemical alternatives
Chemical alternatives available
ERMA New Zealand reviewed the New Zealand Agrichemical Manual and notes that
there are no herbicides listed in this manual that will directly replace the action of
MSMA by selectively removing paspalum and kikuyu from turf.
ERMA New Zealand has reviewed the herbicides recommended for paspalum and
kikuyu control in the United States and Australia (i.e. possible candidates to replace the
use of MSMA). A number of herbicides are mentioned in the literature. These include:
formsulfuron tested in the United States and shown to control paspalum in
cynodon turfs.

24

25

Digitaria sp are not included in this table since the industry recognize that there are acceptable
alternatives available for their control
Where renovation involves the removal of existing turf and reseeding or relaying of the area with
new turf
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flazasulfuron (trade name katana) known to control paspalum in cynodon turfs in
the United states.
quinclorac (trade name Drive) registered for control of kikuyu and Digitaria spp
in cynodon turf and ryegrass
±-2-[4,5-dihydro-4-methyl-4-(1-methylethyl)-5-oxo –lH-imidazol-2-yl]-5-methyl3-pyridinecarboxylic acid plus ±--2-(4-isopropyl-5-oxo-2-imidazolin-2-yl)-5methylnictinic acid ( trade name Plateau) is registered for use on a number of cool
season grass turfs and in cynodon turfs for control of Paspalum dilatum
Of these herbicides only flazasulfuron is registered for use in New Zealand. The other
three chemicals will not be considered further in this document. However ERMA New
Zealand notes that these herbicides are available internationally and may be imported
into New Zealand in the future.
There are a number of herbicides listed in the New Zealand Agrichemal Manual that can
be used to control both kikuyu and paspalum but their use is limited in turf because they
are either non- selective or their use is restricted to control of weed seedlings. These
chemicals are identified in Table B3.
Table B3: Alternative Chemical controls for species controlled by MSMA26
Control

Turf

Alternatives (active ingredient)

Selective control of paspalum

cool season
grasses

flazasulfuron

Selective control of kikuyu

cool season
grasses

Axall27

To reduce mowing requirements by preventing
paspalum plants from seeding

cool season and
cydnon

No current alternatives

Selective control of paspalum and kikuyu

cydnon

flazasulfuron (to be confirmed)

Non Selective control of kikuyu and paspalum

cool season and
cydnon

glyphospate or haloxyfop with
diethylene glycol

Post emergent control of Kikuyu and paspalum
seedlings for use on spots that have been spot
sprayed with a non selective herbicide

cool season and
cydnon

flazifop-P- butyl

26

27

fenoxaprop-P-ethyl, trichlopyr
(accepted by industry)

flazasulfuron may be suitable

Summer grasses are not included in this table since the industry recognize that there are acceptable
alternatives available for their control
The trade name Axall has been used rather than the active ingredient name because of the multi
chemical nature of the product
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Table B4: Trade names of herbicides listed in Table B2
Active ingredient

Trade name

75g/litre bromoxynil, 75g/litre ioxynil, 345 g/litre
mecoprop as an emulsifiable concentrate

Axall

fenoxaprop-P-ethyl,

Puma S

flazasulfuron

Katana

glyphospate

Large number of trade names and several
formulations many of which contain the name
glyphospate

haloxyfop with diethylene glycol

Gallant NF

trichlopyr

Brush off, Grazon, Scrubcutter and Victory

Hazard comparison of alternative herbicides
There is no international consensus on the way to compare the risk of products and
encourage substitution despite several years of debate, particularly in the EU (for
example http://www.pesticides.gov.uk/uploadedfiles/Web_Assets/PSD/2006_0388
Commissions_originalproposals.pdf). ―It is not practical to do an assessment of all
alternative products in the same depth as is performed for the substance being
reassessed. A simpler approach may be to compare the hazard profile of alternative
products. Such an approach has advantages and disadvantages as outlined in
http://www.pesticides.gov.uk/acp.asp?id=730.
a)
b)

c)

d)

The main advantage of hazard triggers is that hazard assessment is often
(although not always) quicker and cheaper than full risk assessment.
The main disadvantage is that hazard assessment is generally less accurate
as a predictor of adverse outcomes than full risk assessment, and therefore
its use directly to determine regulatory decisions can lead to undesirable
anomalies.
In addition, hazard triggers may be difficult to apply where a pesticide is
produced as a complex mixture and the active ingredient is uncertain (for
example garlic oil). It might be, for example, that the active ingredient was
highly toxic, but because it was only present at low concentrations, this was
not apparent when the mixture was tested.
If hazard triggers are to be used to determine regulatory action directly, it
will be important to explore the impact of the specific criteria proposed as
compared with what would occur with full risk assessment, and to check
that the gains in speed and efficiency of decision making are not outweighed
by loss of accuracy.‖

With respect to Point (b), ERMA New Zealand notes that comparison based on hazard
takes no account of exposure and when considering risk a greater hazard could be offset
by less frequent application or lower application rates. Nevertheless, ERMA New
Zealand considers that until tools for risk-based comparisons are better developed, a
hazard-based comparison is appropriate.
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ERMA New Zealand also notes that it is not possible to derive an overall hazard score
for a pesticide, since comparison cannot be made between, for example, acute and
chronic hazards.
A comparison of the HSNO classifications of alternative products is presented in Table
B5. In drawing up this table ERMA New Zealand has not searched for additional
information, relying on the information it holds on file. The colour code used in Table
B5 illustrates the relative hazard classification of alternatives compared to MSMA, as
follows:
red – higher hazard classification
yellow – equivalent hazard classification
white – lower hazard classification
blue – no data available, comparative hazard classification is unknown
Table B5: Hazard ratings for pesticides available in New Zealand that provide alternative
controls to MSMA

MSMA

Flazasulfuron

Glyphosate

flazifop-Pbutyl

haloxyfop
with
diethylene
glycol

6.1

C

NO

E

NO

D

D

E

D

6.6

ND

NO

NO

ND

NO

ND

ND

NO

6.7

B

NO

NO

ND

B

ND

ND

ND

6.8

ND

NO

NO

ND

B

B

ND

NO

6.9

A

B

NO

B

A

A

ND

B

9.1

C

A

B

A

C

A

A

C

9.2

A

A

NO

ND

?

A

ND

ND

9.3

B

NO

NO

NO

B

C

NO

C

9.4

NO

NO

NO

NO

NO

NO

NO

NO

Bio Acc

ND

NO

NO

?

NO

?

?

NO

Biodegr

NO

ND

NO

?

NO

?

?

NO

Axall

fenoxaprop
-P-ethyl

trichlopyr

A number of these herbicides have individual hazard ratings that are higher than MSMA
particularly in:
the aquatic environment (9.1), and
With regard to their effect on human reproductive/ development (6.8).
Of particular note are Axall and haloxyfop with diethylene glycol which have higher
hazard ratings that MSMA (6.8) and only a small reduction in the acute human toxicity
(6.1). These herbicides can both be replaced by other herbicides listed on the table.
The balance of the herbicides listed have equivalent or lower toxicities for all
classifications other than in the aquatic environment and can be regarded as having a
lower average hazard rating.
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Conclusion On balance therefore ERMA NEW ZEALAND concludes that there are
herbicides available to replace each of MSMA‘s functions that have hazards that are
less or no greater than those associated with MSMA.
Comparing Chemical Options for the selective control of paspalum
Cost of weed control using MSMA
AGPRO MSMA 600 is used in New Zealand for the control purposes outlined in
Table B1. AGPRO MSMA 600 is most often applied as a selective herbicide using a
tractor mounted sprayer.
The cost of applying MSMA by tractor has been calculated assuming a cost of
$12/ litre for the herbicide.
$124 / hectare/application for machinery and labour costs to apply the AGPRO
MSMA 600 (based on costs quoted by an Auckland based horticultural
contractor).
Using these input costs the cost of weed control for the 2 scenarios identified for
analysis are:
Scenario 1: $400 / ha /year to reduce seed head development
Scenario 2: $1200 /ha/yr to eradicate paspalum
Cost and effectiveness of alternative selective chemicals
Flazasulfuron is the only herbicide that shows the potential to replace MSMA. Work
undertaken by the USEPA28 in response to questions from the turf industry in 2006
indicates that flazasulfuron will provide good levels of paspalum (and possibly kikuyu)
control in cool season and Cydnon turf. US work indicates that flazasulfuron would
require up to seven applications29 over a summer at 0.158 kg/ai/ha to provide effective
control.
Flazasulfuron is marketed in New Zealand under the trade name Katana and has label
recommendations for pre plant brush weed control in forestry. It does not currently have
label recommendations for paspalum control in turf.
The EU undertook a review of Katana 25% (flazasulfuron) for the control of annual
grasses and dicots on olives, grapes and citrus. Application rates were similar to those
used for paspalum control but the EU review modelled one application per year as
compared with the 4 to 7 that may be required for paspalum and kikuyu control. The
EU review30 concluded that:

28

29

30

Response to comments in the reregistration eligibility decision for MSMA, DSMA,CAMA and
Cacodylic Acid (EPA 738-R-06-021) United States Environmental Protection Agency December
2007.
McCall et.al achieved complete control of a near relative Paspalum setaceum after 7 applications of
flazasulfuron indicating that this assumption is not unrealistic.
http://ec.europa.eu/food/plant/protection/evaluation/newactive/flazasulfuron.pdf 2008
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the residues arising from the proposed uses have no harmful effects on human or
animal health, and,
identified acceptable exposure scenarios for operators, workers and bystanders
and no unacceptable effects on the environment.
This aligns well with the HSNO hazard ratings for flazasulfuron summarised in
Table B5. All ratings are lower or equal to the MSMA ratings except in the aquatic
environment.
Elliot technologies the registrant of Katana has informally trialled Katana in New
Zealand for use on paspalum and has found that it will selectively control paspalum and
remove kikuyu from couch based turf at an active ingredient cost of $5056 / ha
application (based on an initial indication of cost). This compares with AGPRO
MSMA at $72 /ha /application and represents a 70 fold increase in the cost of treatment.
Assuming that a similar number of applications are required this will result in a 70 fold
increase in the cost of control.
Conclusion ERMA New Zealand considers that there is sufficient evidence to suggest
that flazasulfuron may be a suitable chemical alternative for selective control of
paspalum and kikuyu. However from a cost perspective the considerably higher price
may severely limit its usage and cause users to consider other options.
Assessing Chemical Options for non selective control
Use of non selective herbicides
Paspalum and kikuyu plants treated with MSMA become weaker over time allowing the
surrounding (unaffected) turf to grow into the space occupied by the weeds. This
minimises the impact of weed control on the quality of the turf surface and ensures
consistent ground cover. Currently a blanket spray of MSMA can be used to control
paspalum plants independent of their density. If MSMA was not available spot
spraying of weeds with a non selective herbicide would provide an alternative control.
Glyphospate (without Pulse Penetrant) or haloxyfop with diethylene glycol have been
identified by industry as suitable for this purpose and have hazard ratings that are equal
or lower than MSMA for all ratings other than the aquatic environment.
These herbicides may be used to remove all grass species prior to turf renovation or for
spot spraying to remove paspalum or kikuyu from turf.
If used as a spot spray these herbicides may need to be repeated several times to ensure
that
large plants are killed, and,
that all the weeds in the turf are located and killed.
Since the herbicides are non-selective they will kill the surrounding turf requiring that
turf managers revisit each spot to seed with desirable turf species and to control
unwanted weed seedlings that may germinate. After spot spraying any weed seedlings
may be removed by hand or the use or flazifop-P- butyl
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Cost and effectiveness of non-selective herbicides
The amount of spray required in spot spraying will vary with the density of the
paspalum and the area to be covered. To provide indicative costs - a cost per tank has
been calculated using the following
a herbicide cost of $1.80 per tank,
labour cost of $ 26.2531 per tank,
assuming 3 treatments are required to locate and kill all weeds (total cost $84.15),
assuming 3 follow up trips to hand weed each spot -time required equivalent to
spot spraying ($78.75), and
assuming a moderate infestation of paspalum or kikuyu requires 5 tanks per
hectare.
Total cost per hectare control $815/ha/yr. This compares to selective removal by boom
spraying MSMA of $1200/hectare.
There are two disadvantages to the use of non selective herbicides
Selective weed control will result in dead spots in the turf that will also affect the
surface of the turf. If the density of paspalum is low the effect on turf usage may
not be significantly impacted but if the density is higher the turf may not be
suitable for use until the dead spots have re-vegetated.
The time taken to apply the herbicide manually will be dependant on the density
the total area that needs to be treated. Where larger areas need to be treated the
time component may become a significant limitation for organisations where staff
numbers are limited.
Conclusion Assessed on a cost and hazard basis, control of paspalum by spot spraying a
non selective herbicide offers a economic, environmentally and toxicologically sound
alternative to the use of MSMA, However this control option may only be practical for
low weed densities over limited areas and/or in areas were turf quality is unimportant.

Assessment of non chemical alternatives
Non Chemical alternatives available
Non Chemical alternatives for the control of species controlled by MSMA are listed in
Table B2 and can be summarised as physical removal, turf renovation, mowing
frequency and acceptance.
Physical removal of paspalum and kikuyu
As discussed previously physical removal of paspalum and to a lesser extent kikuyu32 is
regarded as the preferred control option by some turf managers. The most common
physical controls are hand weeding and hot water treatment .The cost of these methods
31
32

Assuming 45 minutes to apply 1 tank of spray and a labor rate of $35/ hour.
Kikuyu is stoloniferous by nature making it more difficult to remove established plants from turf.
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will be proportional to the density of the weeds and the technique used. In both cases a
significant part of the cost will involve the location and treatment of each weed and so
is likely to be similar to the costs involved in spot spraying. Specifically:
Hand weeding will initially be more time consuming but if it is done well regrowth should be minimal and damage to the surrounding plants will be limited
resulting in the need for less follow up visits.
Hot water treatment has been shown to be as efficient as glyphospate use33 but is
likely to need some retreatment and will result in damage to surrounding turf.
Conclusion ERMA New Zealand notes that these are viable non chemical control
options to the use of MSMA but that they are most suitable for small numbers of plants
and low density infestations.
Turf renovation
Quality playing surfaces on golf courses and playing fields periodically require
renovation for a number of reasons including weed infestation. The cost of turf
renovation will vary considerably from $10,000 to $30,00034 per hectare
The need for turf renovation, cost and periodicity are site and usage specific.
Consequently it is impossible to place a cost on the price of any increased need for turf
renovation as a consequence of the unavailability of MSMA.
Conclusion ERMA New Zealand notes that in the absence of MSMA turf renovation
may be a useful tool for managing paspalum or kikuyu infestations in turf and the costs
of increased turf renovation are one of the potential implications of discontinuing the
use of MSMA.
Mowing for seed head suppression
Industry reports indicate that turf containing paspalum needs to be mown twice a week
for up to 16 weeks of the year (December to April) to ensure that the playing surfaces
on golf courses and in sports stadiums are up to standard . Internationally the use of
chemicals to reduce the need for mowing is recognised as a cost saving option.35
The current cost of mowing is $60/hectare. Mowing for paspalum seed head removal
will cost $1920/ hectare/summer. High quality turf where paspalum is not present is
mown 2 weekly over the summer period at a cost of $480/hectare/summer. The cost of
the additional mowing for paspalum seed head control is therefore
$1440/hectare/summer.

33

34
35

http://www.csu.edu.au/special/agronomy/papers/315/315.html Comparison of three weed control
methods: chemical, flame and hot water. M. Hewitt, K. Bullen and D. George. University of
Queensland, Gatton College, Lawes 1998
Figures provided verbally by NZSTI
http://www.vmanswers.com/printerfriendly.aspx?pid=898 Costs vs. Benefits: Examining the
Numbers Seedhead Suppression Programs Reduce Mowing Costs, Risks
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The cost of treating a hectare of turf to reduce seed head production is currently $400
(2 applications at $200/application). MSMA use will provide a cost saving of $1040
per hectare, a reduction of 54 % over the 16 week summer period. ERMA New Zealand
regards this as a significant saving on a per hectare basis over the summer period. The
cost of maintaining a hectare of golf course varies from several thousand dollars per
hectare to several hundred thousand dollars per hectare. The impact of cost savings
associated with the use of MSMA will depend of the budget and turf management.
Conclusion MSMA provide a cost saving of $1040 per hectare, a reduction of 54 %
over the 16 week summer period. MSMA will
Acceptance of paspalum and kikuyu in turf
As mentioned above there is greater acceptance of paspalum in turf today than in the
past. The main impact of allowing these weeds into turf are:
Over time they will exclude less competitive turf species
Their texture is rough and in the case of paspalum slightly raised leading to an
uneven surface.
Paspalum produces tall sticky seed heads over the summer that make the turf less
pleasant for recreational purposes
In many areas these disadvantages do not warrant control. However in fine turf on
playing surfaces these factors do cause concern and impact on the turf users. Playing
surfaces may include golf fairways, golf putting greens, bowling greens and first class
playing fields in city stadiums.
Overall evaluation of alternatives
Based on the discussion in the preceding paragraphs the adverse and beneficial effects
of each of the alternatives to the use of MSMA are summarised in Table B6 below.
Table B6: Comparison of alternative treatments for the control of paspalum and kikuyu
in turf
Control option

Adverse effects

Beneficial effects

Overall

For removal of Paspalum and Kikuyu from turf MSMA cost $1200/ha
Selective control of
paspalum and
kikuyu using
flazasulfuron
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Expensive $31,000/
hectare/annum
(product 70 times
cost of MSMA/ ha)

EU indicates Overall
environmental and
human health risk
acceptable

Higher aquatic
hazard rating than
MSMA

Potentially allows for
selective control of
paspalum and kikuyu

Limited trialling in
New Zealand

Minimises the
aesthetic and surface
quality impact on turf
during treatment

February 2009

Possible substitute for
MSMA but
comparatively very
expensive
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Control option
Non selective
control of paspalum
and kikuyu
Herbicides and Hot
water treatment

Adverse effects
Time consuming

Low Hazard levels

Removes
surrounding plants
resulting in rough
turf surface

Allows for removal of
weeds without high
physical input

May restrict use of
turf for a number of
weeks while turf reestablishes on
―spots‖
Hand weeding
paspalum and
Kikuyu

May restrict use of
turf for a number of
days while turf reestablishes
Physically
demanding and
time consuming

Turf renovation

Beneficial effects

Relatively
expensive $10,000$30.000 / ha.
Cannot be used for
selective control of
target plants

While cost density
dependent likely to be
comparable to MSMA
use

Overall
Likely to be suitable
for low weed
densities but nonselective removal may
result in rough turf
surface restricting use
for a number of weeks

Allows for removal of
weeds without high
physical input
No environmental
impact
Allows for selective
removal of target
plants
While cost density
dependent likely to be
comparable to MSMA
use
Once completed can
be managed to
produce good quality
weed free turf
Guarantees removal of
established plants

Likely to be suitable
for low weed
densities and will
have a minimal
impact on turf surface
but physically
demanding

Suitable for total
weed control but
expensive and
removes turf from use
for several months.

Removes the area
being treated from
use for a period of
months
Cannot be used to
efficiently treat low
levels of infestation
Managing weed species without their removal
Mowing to remove
seed heads

Requires on going
management i.e.
unable to spray and
―forget‖

MSMA use reduces
costs by $1040 /
hectare or 54% over
16 week period

Mowing costs may
proportionally
increase in the
future if fuel costs
increase

No environmental
risks from the
application of
pesticides

Directly replaces
MSMA at an cost
annually of $1040/
hectare. Future cost
differential likely to
increase if fuel rises
in price

Efficiently removes
seed heads
No residues
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Control option
Acceptance of turf
containing paspalum
and kikuyu

Adverse effects

Beneficial effects

May lead to more
frequent turf
renovation

Overall

No cost involved
No environmental or
human impacts from

Suitable for some, but
not all, areas

Presence of weeds
in turf aesthetically
unattractive and a
physical nuisance in
terms of sticky seed
heads and uneven
turf surface

ERMA New Zealand has considered a range of alternative chemical and non chemical
management options and has noted that each alternative has different advantages. Based
on this assessment ERMA New Zealand concludes that there is no one alternative that
can completely replace the use of MSMA but that across the range of management
options available all the benefits of MSMA use can be achieved in other ways. The
combination of controls that may be used to replace MSMA will depend on the outcome
desired and the type of turf. These are summarised in Table B7 below.
Table B7: Summary of options for paspalum and kikuyu management
Outcome desired / current
use

Possible situations

Alternative Control
measure (s)

Comment

Scenario 1 To reduce the development of paspalum seed heads in turf
High quality turf

All turf

Increased mowing

Increase low in
comparison with
other costs

Low Quality Turf

All turf

No additional
mowing

Unlikely to be
concerned

Use of Flazasulfuron

More expensive
and/or time
consuming but
equivalent control
possible

Scenario 2 Removal of paspalum and kikuyu from turf
High quality turf

Golf fairways
and roughs,
Putting greens,
First class sports
stadiums

Limited physical
removal
Turf renovation

High profile
public green
space
Lower quality turf

Golf course
rough
Parkland ,
Public green
space

Accepting the
presence of
paspalum and
kikuyu
Spot spaying or
Physical removal of
low numbers of
plants

An agreed level of
control can be
determined with
the costs of
control being
balanced against
the ―nuisance ―
value of paspalum

Turf renovation
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Analysis of scenarios
There are currently two principal uses for MSMA (see Table 2):
Mowing reduction – to reduce the development of paspalum seed heads in turf.
Removal of paspalum and kikuyu from turf.
It has been shown in Table B3 that there are sufficient alternatives available to control
paspalum and kikuyu in turf but that no one controls technique will completely replace
the use of MSMA. Hazard ratings have shown that on a comparative basis all of the
alternatives are preferable to MSMA with regard to the environment and human health.
The comparison of scenarios will therefore be limited to an assessment of the market
economy effects.
A combination of treatments can be used to replace all the uses of MSMA (see
Table B6). It has been noted that different users have different management approaches
and these will be influenced according to how the area is used.
Accordingly each scenario will be assessed for:
high quality turf where playing surface and aesthetics are important
considerations, and,
lower quality turf where a smooth surface and aesthetics are not a high priority.
Scenario 1: Mowing reduction
MSMA can provide a reduction in the costs of paspalum seed-head control of 54 % or
$1040/ hectare over the summer period. This would equate to a maximum of $36,400
for a 35 hectare golf course. Note these costs are based on contractor‘s rates and that
the benefits associated with reduced mowing will vary with the price of fuel and may
vary from year to year.
The cost of maintaining a hectare of turf varies with the quality of the turf. Maintenance
of high quality turf is expensive and may include costs for irrigation, mowing
throughout to maintain turf height, fertiliser, weed spraying and pest control. Additional
mowing to remove paspalum seed heads is likely to be small in comparison with the
total of these costs. Managers of low quality turf are likely to consider additional
mowing unnecessary.
Conclusion Additional mowing to remove seed heads has been calculated at $1040 per
hectare year. ERMA New Zealand considers that this is not a significant increase in
price for managers of either high quality or low quality turf.
Scenario 2: Removal of paspalum and kikuyu from turf
High quality turf It is assumed that managers of high quality turf will wish to maintain
that turf paspalum and kikuyu free. MSMA will cost $1200 per hectare per year to
achieve this. Currently there is only one herbicide registered for use in New Zealand
that may be able to replace the effects of MSMA. Other options include by a
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combination of, spot spraying, physical removal and more frequent turf renovation.
Discussion has shown that:
Flazasulfuron has the disadvantage of being is 70 times more expensive than
MSMA and has not been comprehensively trialled in New Zealand conditions.
However it has been used successfully in the United States, will not need to seek
approval for import into New Zealand and has a lower hazard rating that MSMA.
Manual removal of weeds and spot spraying with selective herbicides is likely to
compare favourably with MSMA in terms of cost but the time input required and
the effect on the look and usability of the turf will cause concern where a smooth
surface is required.
More frequent turf renovation will be expensive with a large upfront cost and
make the area unavailable for a period. However it does provide a method for
dealing with areas where the weeds have become a problem and will allow other
issues associated with the area to be addressed at the same time.
The balance between the risks and benefits associated with each method will be very
site specific and may vary considerably. On balance in high quality turf MSMA does
provide a cost effective tool that allows turf managers to provide a high quality surface
and maximise the potential life of an area of turf by delaying the need for renovation.
Consequently ERMA New Zealand considers that with regard to high quality turf the
removal of MSMA from the market would result in a negative difference in the costs
and inconvenience associated with the control of kikuyu and paspalum but that control
can still be achieved.
Low quality turf. Turf where a smooth surface and aesthetics are not a high priority is
less likely to have MSMA used as part of its regular management regime. In these
situations spot treatment of nuisance plants or periodic low cost renovation will be
sufficient tools for turf managers. It was noted in the discussion of non chemical
alternatives that some turf owners prefer to use non herbicide management practises.
Personal communications (Rotorua City Council) have also indicated that the presence
of some paspalum and kikuyu in low quality turf is acceptable and end users of the turf
are expected to tolerate seed heads and less than perfect playing surfaces.
Conclusion ERMA New Zealand considers that MSMA provides the most cost
effective tool that allows managers of high quality turf to efficiently provide a high
quality surface and maximise the potential life of the turf. However for low quality turf
there are sufficient control measures available to replace the use of MSMA.
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Environmental Assessment Report

1

Introduction

Methylarsonic acid is a herbicidal active ingredient that is an organic arsenical
compound. In New Zealand, it is registered in one agricultural product, present as the
sodium salt (monosodium methylarsenate, or MSMA).
In prioritising this substance as a candidate for reassessment, it was concluded that
MSMA is an acutely toxic substance. There is concern over its potential to cause cancer
in humans when it is transformed in soil to inorganic arsenic with subsequent transport
to drinking water. MSMA is also toxic to the aquatic and the terrestrial environment and
is very toxic to soil organisms. Organic arsenic based herbicides are persistent in the
environment. One trade-name product containing MSMA is registered with ACVM and
was transferred to the HSNO Act on 1st July 2004 under the generic description:
Soluble concentrate containing 600 g/litre methylarsinic acid (Approval code
HSR000538). The substance is applied on turf to control paspalum and summer grass.
The US EPA has quantified cancer risks from exposure to drinking water and has
reported risks that exceed OPP‘s (EPA Office of Pesticide Programs) levels of concern.
The risk to humans from such exposure was the rationale for MSMA being ineligible
for re-registration in the USA. In Canada, the registrant has voluntarily asked for the
phase out of the substance based on its chronic effects. Organic arsenical herbicides are
also not registered for use in EU Countries.
On the basis of prohibitions on use overseas, and given concerns for carcinogenicity and
accumulation in the environment, ERMA concluded that MSMA should be assessed to
determine if there are grounds for reassessment.
A reassessment of methylarsonic acid and MSMA would cover the following HSNO
approvals:
Methylarsinic acid (note this is a synonym of methylarsonic acid) (HSR003391)
Soluble concentrate containing 600 g/L methylarsinic acid (Approval code
HSR000538)
Other substances for which approval is sought prior to the start of reassessment
This report is concerned with the environmental risk assessment arising from use of
MSMA in New Zealand. It provides information supporting the ―Application for the
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Reassessment of a Hazardous Substance under Section 63 of the Hazardous Substances
and New Organisms Act 1996 – Methylarsinic acid and its Formulations‖ report.

2

Source Documents

Several source documents have been used in this assessment.
US EPA, 2001. Re-Registration Eligibility Document for Sodium and Calcium
Salts of Methanearsonic Acid (MSMA/DSMA/CAMA). Dated September 2001,
but posted on 5 April 2006 under docket number EPA-HQ-OPP-2006-0201-0007.
US EPA, 2006. RESPONSE TO PUBLIC COMMENTS. The Environmental
Fate and Effects Division‘s Response to Comments on EPA‘s Phase 3
Reregistration Eligibility Decision Document for the Organic Arsenic Herbicides
(OPP Docket# OPP-2006-0201). 27 June 2006. Posted under docket number
EPA-HQ-OPP-2006-0201-0074.
MAA Research Task Force, 2005. The Environmental Fate of Monosodium
Methanearsonate (MSMA): A Review of Important Processes. Document
MAATF 050228, 28 February 2005. Posted under docket number EPA-HQ-OPP2006-0201-0021.
MAA Research Task Force, 2007. RESPONSE TO PUBLIC COMMENTS. The
Environmental Fate and Effects Division‘s Response to Comments on EPA‘s
Phase 3 Reregistration Eligibility Decision Document for the Organic Arsenic
Herbicides (EPA-HQ-OPP-2006-0201-0074). Document MAATF 070119-396.
19 January 2007. Posted under docket number EPA-HQ-OPP-2006-0201-0463.
World Health Organisation, 2001. Environmental Health Criteria 224. Arsenic
and Arsenic Compounds. Second Edition. Geneva, 2001.
In addition, there are many studies available in the open literature. Several of these
provide valuable information within the source documents referenced above, and where
this is the case, they have generally not been reviewed separately unless indicated.
Those open-literature studies where referenced, have been reviewed independently to
the source documents.

3

Chemical Identity

While this reassessment is for MSMA, the environmental fate profile of the chemical
makes it necessary to consider several other substances. In the environmental pH range,
MSMA will dissociate to sodium cations and methanearsonate anions (singly and
doubly charged). Consequently, the chemical identity of methylarsinic acid (MMA) is
considered below.
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Table 1 - Summary of Chemical Identity
Common name Monosodium Methylarsonate
(MSMA)
Synonyms Monosodium methanearsonic
acid;
Monosodium methanearsenate
Methylarsenic acid, sodium salt
CAS Registry 2163-80-6
Number
Molecular formula CH4AsNaO3
Molecular mass 162
O
Structural formula
H3C

Monomethylarsinic acid;
Monomethylarsonate

124-58-3
CH3AsO(OH)2
140
O
H3C

As OH
-

Methylarsinic acid (MMA)

+

As OH
OH

O Na

While the parent MSMA/MMA may undergo degradation or transformation, it is to
other forms of organic or inorganic arsenic. The main forms appear to be through
methylation to dimethanarsonate acid (DMA) or demethylation to inorganic arsenate
(which may then further reduce to arsenite). Therefore, information on these substances
(environmental fate and toxicity) are considered where appropriate throughout this
document.

4

Physicochemical Properties

Table 2 - Summary of Physicochemical Properties (MSMA, source US EPA, 2006)
Melting point
Relative density
pKa
Vapour pressure
Henry’s Law Constant
Solubility in water
Solubility in organic solvents
n-Octanol/water partition coefficient
(POW or log10 POW)

116-121oC
1.65 g/mL
pKa 1 – 4.0 (approx)
pKa 2 – 9.0 (approx)
7.5 X 10-7 mmHg
1040 g/L
160 g/L (methane)
0.05 g/L (hexane)
<1

The dissociation constants above for MSMA show it will be in ionised form within the
environmental pH range.
As explained in US EPA, 2001, once dispersed and diluted to trace concentrations by
water and physical disturbance in environmental media (parts per million and below),
the sodium ions become part of the background morass of natural metal cations
(positive ions), while the methanearsonate anions (singly and doubly charged) tend to
associate with hydrogen (hydronium) ions through the process of simple ionic
hydrolysis.
The three arsenic species are symbolized here as H2MMA, HMMA1-, and MMA2-. The
degree of association depends on pH. Reported titration studies for MSMA and DSMA
yield base strengths for the anions corresponding to pKa values for the acid MMA of
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approximately 4 and 9. Assuming these pKa values, at pH 5, 7, and 9, for example, the
ratios of acid to respective anions are approximately:
Ratio of acid/anions at pH:
Acid/anion

Structure

pH5

pH7

pH9

O

1,000

1

1

10,000

1,000

100,000

1

10

100,000

H2MMA
H3C

As OH
OH

HMMA1-

O
H3C

As OH
O

MMA2-

-

O
H3C

As O
O

-

-

It can be seen that, in the main environmental pH range, the HMMA1- will likely
dominate, with an increasing contribution from MMA2- as pH tends to more basic
conditions.
The relevance of this is that, while much of the environmental fate and ecotoxicity data
described below may be reported based on parent MSMA, a more appropriate
designation should be MMA.
Inorganic arsenic
Arsenic can exist in four valency states: –3, 0, +3 and +5. Under reducing conditions,
arsenite (As(III)) is the dominant form; arsenate (As(V)) is generally the stable form in
oxygenated environments (WHO, 2001).
O

The chemical structure of arsenate (As(V)) is (WHO, 2001):
O

-

As O
O

-

-

The speciation of this substance again will be pH dependant, with arsenic acid (H3AsO4
more likely in lower pH environments, tending to the anions, H2AsO4- and HAsO42- as
pH increases.

5

Environmental Exposure

Agpro MSMA 600 is the only product containing MSMA that is currently used in
agriculture in New Zealand. It is applied on turf to control paspalum and summer grass.
Agpro MSMA 600 was first registered for use in 1994 and is formulated as a soluble
concentrate.
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5.1

Application And Use Pattern

ERMA has advised the following scenarios for predicting environmental exposure
through use patterns of MSMA in New Zealand:
Table 3 – Application and Use Pattern of MSMA in New Zealand
Use

Application rate/assumptions

Two scenarios are
modelled

In both scenarios AGPRO MSMA is applied to a sward that has a good
level of soil moisture. Wet soil is desirable to prevent burning desirable
turf species.
If irrigation is not available application is scheduled after rain.
If possible 3-4 mm of water is then applied a day after application to
rewet the soil.

Scenario 1
To control paspalum
(reduce the development
of paspalum seed heads in
turf)

Scenario 2
To remove paspalum and
kikuyu from turf

In both of the following scenarios MSMA is applied in 300 to 400 L of
water per hectare via a boom sprayer
Result required MSMA is used to reduce the vigour of paspalum.
This prevents seed head production by paspalum for up to 10 weeks.
Control undertaken annually.
Annual application
up to twice in a growing season (Dec- April);
at a rate of 6 L/ha;
12 to 16 weeks apart.
Result required To remove paspalum and kikuyu from turf while
maintaining other turf species.
The following regime may be used for up to two consecutive years.
Once this is completed paspalum may be controlled by spot spraying
with roundup.
Continued use of MSMA should not be required.
Application
applied up to 6 times in a season (from September onwards) at
a rate of 6 L/ha; or
at a rate of 9 L/ha 4 times in a season.

The rates above, in terms of product, equate to 3600 to 5400 g MMA/ha. Registered
label rates are 9 to 11 L product/ha (5400 to 6600 g MMA/ha). However, ERMA has
been advised that, in the case of the removal of paspalum, application in cooler season
turfs would result in maximum rates of 6 L product/ha (3600 g MMA/ha), with up to six
applications in the season (total of 21600 g MMA/ha), while in warm season turfs,
application may increase to 9 L/ha (5400 g MMA/ha), but a maximum number of 4
applications. This also equates to a total of 21600 g MMA/ha. For paspalum control
two applications are made at a rate of 6L/ha (3600 g MMA/ha).
For modelling exposure estimates, control of paspalum (scenario 1) will assume a
maximum application rate of 3600 g MMA/ha with two applications in the season, 12 to
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16 weeks apart (total of 7200 g MMA/ha for the season). For removal of paspalum
(scenario 2), the maximum application rate will be 21600 g MMA/ha, which will be
based on either 6 applications of 3600 g MMA/ha for cooler turfs, or 4 applications of
5400 g MMA/ha for warmer turfs.

5.2

Reported Occurrence In The Environment

The following information relating to arsenic background concentrations is taken from
WHO (2001):
Arsenic is the main constituent of more than 200 mineral species, of which about
60% are arsenate, 20% sulfide and sulfosalts and the remaining 20% include
arsenides, arsenites, oxides and elemental arsenic. The most common of the
arsenic minerals is arsenopyrite, FeAsS, and arsenic is found associated with
many types of mineral deposits, especially those including sulfide mineralization.
The ability of arsenic to bind to sulfur ligands means that it tends to be found
associated with sulfide-bearing mineral deposits, either as separate As minerals or
as a trace of a minor constituent of the other sulfide minerals. This leads to
elevated levels in soils in many mineralized areas where the concentrations of
associated arsenic can range from a few milligrams to >100 mg/kg.
Concentrations of various types of igneous rocks range from <1 to 15 mg As/kg.
Similar concentrations (<1–20 mg As/kg) are found in sandstone and limestone.
Significantly higher concentrations of up to 900 mg As/kg are found in
argillaceous sedimentary rocks including shales, mudstone and slates. Up to 200
mg As/kg can be present in phosphate rocks.
Concentrations of arsenic in open ocean water are typically 1-2 μg/L. The
concentrations of arsenic in unpolluted surface water and groundwater are
typically in the range of 1–10 μg/L. Elevated concentrations in surface water and
groundwater of up to 100–5000 μg/L can be found in areas of sulfide
mineralization. Elevated concentrations (>1000 μg As/L) in groundwater of
geochemical origins have also been found in Taiwan, West Bengal, India and
most districts of Bangladesh. Elevated arsenic concentrations were also found in
the drinking-water in Chile; North Mexico; and several areas of Argentina.
Arsenic contaminated groundwater was also found in parts of PR China (Xinjiang
and Inner Mongolia) and the USA (California, Utah, Nevada, Washington and
Alaska). Arsenic concentrations of <980 μg/L have been found in wells in southwestern Finland. Levels as high as 35000 μg As/L and 25700 μg As/L have been
reported in areas associated with hydrothermal activity.
In nature, arsenic-bearing minerals undergo oxidation and release arsenic to water.
This could be one explanation for the problems of arsenic in the groundwater of
West Bengal and Bangladesh.
Neff (1997) provides the following information on sediment concentrations of arsenic.
Concentrations of total arsenic in uncontaminated near shore marine and estuarine
sediments usually fall in the range of 5 to 15 mg/kg dry weight; however, the average
concentration of arsenic in deep-sea sediments is about 40 mg/kg. Sediments from
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rivers in England and Wales contain 7 to 950 mg/kg arsenic. Sediments from estuaries
receiving drainage from metal-mining areas may contain substantially elevated
concentrations. For example, sediments from the Carnon/Restronguet Estuary in
southwestern England contain from 9 to more than 5,000 mg/kg total arsenic. Sediments
from the Tinto and Odiel Rivers in southwestern Spain contain less than 200 to 3,000
mg/kg total arsenic. Arsenate is the most abundant form of arsenic in oxidized marine
sediments, whereas arsenite is the dominant dissolved and solid species in reduced
sediment layers
In New Zealand, arsenic levels were determined in waters, sediment, aquatic
macrophytes and other organisms taken from the Waikato River system, North Island
(Robinson et al, 1995). Arsenic concentrations in water samples collected in November
1993 increased from 3 μg/L at Ngaurawahia (Lower Waikato) to 121 μg/L at Lake
Aratiatia (just below a geothermal power station). The concentration of arsenic in water
taken from Huka falls (just above Wairakei) was 6 μg/L with a measured arsenic
content of the main drain at Wairakei being 3800 μg/L. In February 1994 water
samples, arsenic concentrations were a median of 44 μg/L and a range of 19-67 μg/L.
Arsenic levels in the water of the river decreased downstream from the Wairekei and
Ohaaki geothermal power stations, indicating these are sources of arsenic to the river.
The sediments taken from various parts of the Waikato River had arsenic concentrations
ranging from 9 mg/kg at Huka falls to 156 mg/kg at Lake Maraetai. The average
concentration was 35 mg/kg. Some aquatic macrophytes (Ceratophyllum demersum
and Egeria densa) had arsenic concentrations up to 1000 mg/kg in dried tissue.
Shellfish taken from the mouth of the Waikato river had significantly higher arsenic
concentrations than the same species taken further down the coast at Raglan.
New Zealand research reported in Mahimairaja et al, 2005 showed that, with the
occasional exception of a few summer months, over 90% of the As in water of the
Waikato River and dams was present as As(V). As(III) was detected in the Waikato
River only when cyanobacteria (Anabaena oscillaroides) reduced As(V) to As(III).
Arsenic concentrations in soil in the Greater Wellington Region in New Zealand are
reported in Stevenson (2008). Greater Wellington Regional Council (GWRC), and
previous to that the Wellington Regional Council (WRC), participated in the
Sustainable Management Fund project ―Implementing Soil Quality Indicators for Land‖
in 2000–2001. GWRC resampled drystock sites in 2008 to determine the extent and
direction of changes in soil condition. Soil quality on the sites was appraised using a
standard set of soil chemical, physical and biochemical characteristics as defined under
the 500 Soils Project protocols, and currently used by other regional councils in New
Zealand. Arsenic was one of the substances tested for. Of the 23 sites tested in 2008,
arsenic was detected at 21 sites (being <2 mg/kg at two sites). Where quantified, levels
ranged from 2.6-23.0 mg/kg. However, the upper value of 23.0 mg/kg appears to be an
outlier as no other detected level exceeded 9 mg/kg. Generally, values did not appear
remarkably different to those found in 2001 sampling for sites where comparisons could
be made.
Soil arsenic levels in the Auckland region are available based on soil samples collected
from 91 locations in May 1999 from publicly owned rural and urban land on soils
derived from the major lithological units of the region (ARC, date unknown). Soil
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samples were collected to a depth of 150 mm. The limit of detection for arsenic in soil
sampling was stated as 0.025 mg/kg. Arsenic concentrations in all soil types in the
1999 survey ranged between 0.41–17.83 mg/kg. The outlier of 17.83 mg/kg in the
Quaternary deposits at Waiau Pa was resampled in the October 2001 survey, and the
sampling site relocated to Waiau Pa Domain Reserve. A limited variance between 8.2
and 10.6 mg/kg was obtained from the four 2001 samples, indicating the 17.83 mg/kg
value as an outlier in the site data set, and as such the 17.83 value was excluded from
the resultant validated background soils data set. It is understood that concentrations of
this order have been observed in Holocene Sands in the Auckland Region, however to
date no supporting data exists. Therefore the current background range of arsenic
concentrations for all soil types is 0.4–12 mg/kg. Geometric mean values ranged
between 1.65-6.51 mg/kg across all soil types. Further analyses for arsenic
concentrations in sand-derived soil types were recommended, and also the assessment
of the validity of outliers in Waitemata soils at Cape Horn (11.54 mg/kg) and McKenzie
Rd (10.16 mg/kg).

6

Environmental Fate

6.1

Introductory Comments

It is important to understand that the environmental fate of MMA and arsenic
compounds is variable and not fully understood. As explained in US EPA, 2001, these
chemicals can enter into very stable chemical associations with clays, and as such,
would likely be biologically unavailable. On the other hand, if the chemicals are
bioavailable, both animals and microorganisms can transform them, altering the toxicity
of the original chemical. In addition, the central structure of organic arsenic herbicides
is part of a complex suite of naturally occurring arsenic-based chemicals ubiquitous
within the environment, making exposure differentiation between herbicidal and
naturally occurring arsenic-based chemicals difficult. Even though the identity of the
actual toxic moiety in the environment is uncertain, heavy use of these herbicides does
present an increased exposure risk of the arsenic-based chemicals to organisms near the
application site.
It is therefore important to consider the use of MSMA in New Zealand in context. As
stated above, naturally occurring arsenic-based compounds are ubiquitous within the
environment. As shown in Appendix C Section 5.2, background levels of arsenic in
New Zealand soils and water can be high depending on location.
Arsenic can exist in soil in different oxidation states but mostly as inorganic species,
As(V) or As(III). In addition to inorganic species, microbial methylation of arsenic in
soil results in the release of organic methylarsenic compounds, such as MMA and
DMA, and ultimately arsine gas. Both inorganic and organic species of arsenic undergo
various biological and chemical transformations in soils, including adsorption,
desorption, precipitation, complexation, volatilization, and methylation. The most
thermodynamically stable species of As(III) (H3AsO3 and H2AsO4-) and As(V)
(HAsO42-) occur over the normal soil pH range of 4 to 8 (research cited in Mahimairaja
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et al, 2005). Such processes obviously make it difficult to relate levels of arsenic in the
environment back to a particular release, such as the use of organic arsenic herbicides.
Environmental fate laboratory studies show that organic arsenicals are stable under all
tested abiotic conditions (US EPA, 2006). The following sections relating to
environmental fate deal with data mainly for the parent MSMA/MMA being considered
in this assessment report, although some information relating to other forms of arsenic
is provided.

6.2

Physicochemical Degradation

6.2.1

Hydrolysis

In the US EPA assessment, registrant submitted studies of DMA and MMA found both
compounds to be stable to hydrolysis at all pHs (US EPA, 2006). Details of the study
are provided in MAA Research Task Force, 2005:
14

C-MSMA was incubated in sterile, buffered, aqueous solution (pH 5, 7 and 9),
in darkness, at 250C. The degradation was monitored for 30 days. No degradate
was found which accounted for more than 1% of the applied material. 14C-MSMA
did not degrade or hydrolyze. The calculated half-lives for the test substance were
about 750 days (pH 5), 700 days (pH 7), and 20,000 days (pH 9).

6.2.2

Photolysis/Photodegradation

In the US EPA assessment, registrant submitted studies of DMA and MMA found both
compounds to be stable to photolysis in both aquatic and soil environments (US EPA,
2006). Details of the study are provided in MAA Research Task Force, 2005:
Aqueous: 14C-MSMA was exposed continuously, for 30 days, to natural sunlight,
at ~250C in sterile, buffered, aqueous solutions (pH 5, 7 and 9), with dark
controls, and the degradation was studied for 30 days. 14C-MSMA did not
photodegrade or hydrolyze in any of the tested solutions. The half-lives were
greater than 30 days for the irradiated solution and the dark control.
Soil: Hanford sandy loam soil flooded with non-sterile aqueous solution of 14CMSMA was exposed continuously to natural sunlight, at 20-28oC for 30 days,
with dark controls. Degradation was studied. 14C-MSMA did not photodegrade.
The calculated half-life was 990 days for the irradiated soil and 1155 days for the
dark control.

6.3

Biodegradation

Degradation of organic arsenicals through metabolic process does occur. However,
while metabolic degradation of neutral organic compounds often tends to result in
metabolites of lower toxicity, and ultimately, mineralisation (CO2), such degradation of
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organic arsenicals cannot be taken to result in detoxification. Redistribution,
transformation, and recycling of arsenic in different environmental compartments occur
in the guise of different arsenical compounds, so the load of arsenic itself does not
necessarily change just because an organic form of arsenic metabolises.
This notion is explained in US EPA, 2006 as follows:
Potential metabolites of applied DMA and MMA include volatile alkylarsines and
inorganic arsenic (as arsenate or arsenite) along with carbon dioxide. Cacodylic
acid [DMA] may be present as a metabolite of MMA as well as an applied parent
compound. The major metabolites identified in published sources and registrant
submissions are inconstant- sometimes detected and sometimes not. They also
occur in widely variable proportions. Reasons for this are unclear, but are likely
associated with the sensitivity to the ambient conditions, although some
variability is likely due to difficulty in analysis as well. Regardless of the form it
takes, however, the total amount of arsenic present does not change; these organic
arsenicals and their transformation products, in combination with arsenic from the
natural background and from other anthropogenic sources, maintain the total,
immutable arsenic environmental load. Arsenic from pesticides is not lost but
redistributed and transformed throughout the environment (plants, animals, air,
soil, sediment, water) into other arsenic containing substances.
The occurrence, rate, and products of metabolism of organic arsenicals are variable,
dependent on environmental conditions. The observed persistence of organic arsenicals
in aerobic soil has ranged from weeks to years, depending on soil properties and
ambient conditions such as soil moisture, temperature, chemical concentration, and
amount of organic matter. Adding to the complexity is that metabolism rates do not
appear to depend linearly on organic arsenical concentration; in some studies,
transformation decreased with increasing concentration while in others, concentration
had no effect on metabolism. Hence, the kinetics are not necessarily first-order, and
―half-life‖ is therefore not necessarily an appropriate constant for all concentrations (US
EPA, 2006).
The only metabolism pathway that could directly reduce soil arsenic loading is
transformation to volatile alkylarsines. However, this is generally not likely to be a
major route of dissipation. These arsines, once released from microbial sources in soils
or sediments, undergo oxidation in the air, reconverting the arsenic to non-volatile
forms that settle back to the ground (WHO, 2001).
Other routes of metabolism include methylation and demethylation. MMA has one
methyl group attached to a central arsenic, while inorganic arsenic has none.
Theoretically, any of the methyl groups on DMA or MMA are subject to removal, while
one methyl group could be added to convert inorganic arsenic to MMA which could be
further methylated to DMA. In fact, not all of these transformations are likely to occur.
Results of several registrant submitted studies as provided to the US EPA for review are
available in MAA Research Task Force, 2005:
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Aerobic Soil Metabolism (EPA Guideline 162-1): The study was conducted by
incubating 6.1 ppm 14C-MSMA in sandy loam soil, at 250C under aerobic
conditions. The degradation of 14CMSMA was monitored for 12 months. 14CMSMA degraded relatively rapidly during the first 30 days of incubation (half-life
of ~ 48 days). Thereafter, the degradation was much slower (half-life of 490 days,
for days 57-365 after application), indicating a biphasic reaction. After 12 months,
~35% of the applied dose remained as parent 14C-MSMA.
Two metabolites were detected, namely, DMA (cacodylic acid) and carbon
dioxide (CO2). 14C-cacodylic acid was the only soil metabolite detected. The
amount of cacodylic acid increased during the study, to a maximum of ~32% of
the applied dose, 12 months after application.
14

CO2 was the only volatile product detected throughout the study. 14CO2 reached
a maximum of ~20% of the total radioactive residue (TRR) after 9 months.
Arsines were not detected in traps specifically designed for the detection of these
compounds. Bound 14C residues increased as the study progressed, reaching a
maximum of ~ 12.2% TRR after 4 months of the study.
Aerobic Aquatic Metabolism: 14C-MSMA was applied at approximately 6 ppm
and incubated under aerobic aquatic conditions in flooded sandy loam soil for 30
days with a viable microbial population, and for 7 days under sterile conditions.
Samples were maintained in the dark, at 25oC. 14C-MSMA did not degrade
significantly under the conditions of the study. In both systems, more than 86% of
the applied radiocarbon remained as 14C-MSMA after 30 days of incubation.
Under sterile conditions, ~5% of the applied radiocarbon was found to be bound
after seven days of incubation.
Under viable conditions, ~7.5% of the applied radiolabelled material was bound
after 30 days of incubation. Cacodylic acid was produced as a minor metabolite. It
was found only in the water phase and reached a maximum level of ~5% of the
applied radiolabelled material, 30 days after treatment. Trace amounts of 14CO2
were produced under viable conditions and represented less than 2% of the
applied radiolabelled material, 30 days after treatment. Cacodylic acid and 14CO2
were not produced under sterile conditions.
MSMA metabolism to cacodylic acid appeared to result from microbial activity in
this system.
Valid half-life values could not be derived from the data in these studies. Halflives were estimated to be >245 days under viable conditions, and 128 days under
sterile conditions. These values represent the rate of MSMA binding to soil rather
than its degradation.

Anaerobic Aquatic Metabolism (EPA Guideline 162-3): The study was
conducted by incubating 6.2 ppm 14C-MSMA in sand soil flooded with pond
water, at 25-26oC. The degradation was monitored for 12 months. 14C-MSMA
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degraded slowly under anaerobic conditions in sand (half-life of 2.1 years), with
formation of small amounts of 14C-cacodylic acid and an insignificant amount of
14
CO2. After 12 months, at least 74% of the applied dose remained as 14C-MSMA.
The maximum concentration of cacodylic acid was 3% of the applied dose, and
was detected 6 months after the application. 14CO2 accounted for only 0.1% of the
applied dose, after 12 months. Arsines were not detected in traps specifically
designed for the detection of these compounds. Bound 14C residues increased
during the course of the study, reaching a maximum of 33.6% of the applied dose,
after 9 months.
The results demonstrate that 6 months after the application, 14C-MSMA is tightly
bound to the soil system, and does not leach downward in the soil profile.

Without reviewing these studies, it is difficult to draw independent conclusions. It is
apparent that different breakdown patterns may be expected from different test systems.
For example, in the aerobic soil degradation study above, after 1 year, 35% of MMA
applied at 6.1 ppm remained present as the parent compound, 32% was present as
DMA, and 19% had evolved as carbon dioxide, indicating demethylation to inorganic
arsenic. Conversely, Gao and Burau (1997) detected no DMA resulting from application
of MMA despite significant metabolism to inorganic arsenic. In the few other laboratory
studies that speciated end products, reviewed by the US EPA, variable DMA resulting
from application of MMA was found up to a maximum of 9%. Field studies (discussed
below) found some DMA after application of MMA, but typically in very small
amounts.
Similarly, following application of DMA, Gao and Burau (1997) found that after 70
days, up to 82% of applied DMA had metabolized, but only inorganic arsenic, and not
MMA, was detected. This suggests that DMA metabolizes directly to inorganic arsenic
by loss of both methyl groups, rather than stepwise going through a monomethylated
intermediate. However, as alluded to, the complexities associated with transformation
of different arsenic species makes it very difficult to generalise a degradation pattern for
any particular species. It is worth noting however, that the Gao and Burau (1997)
results for DMA‘s metabolism was investigated under at least 15 sets of varying
conditions.
In a separate study by Qi and Donahoe (2008), soil collected from a site which received
a one-time surficial application of arsenical herbicide in the 1950s was investigated to
understand the fate of arsenic under natural leaching conditions, five decades after
exposure (as arsenic trioxide). Sequential chemical extraction of the contaminated soil
revealed that the majority of the arsenic was in its secondary form (that is, other than as
residual herbicide). The synthetic acid rain leaching of arsenic from the weathered soil
was divided into two distinct stages. During the first stage, the leachate arsenic
concentration underwent a rapid decline which suggests an equilibrium-controlled
release event. The second leaching stage was marked by a slow, steady release of
arsenic, a signature of a kinetically controlled process. A mathematical approach was
then employed to identify and describe the two distinct arsenic releasing processes
(equilibrium desorption and kinetic desorption). This model considered both desorption
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processes simultaneously and produced leachate arsenic concentrations in good
agreement with the measured data. According to the modelling results, 20% of the
arsenic remaining in the soil resided in the herbicide source material after five decades
of natural leaching; 25% exists on reversible adsorption sites (metal oxides/layer
silicates) and 55% is present on irreversible adsorption sites (iron oxides).
It is important to assess the possibility of mineralization of organic arsenical pesticides
to arsenate [As(V)] and arsenite [As(III)]. Results of studies investigating conversion to
inorganic arsenic considered in US EPA, 2001 were extremely variable, ranging from
no mineralization in one year to approximately 80% mineralization in 2 months. The
only GLP study carried out for a full year, submitted for the US EPA review, found that
19% of MMA applied at 6.1 ppm mineralized to inorganic arsenic. Mineralization, as
measured by production of carbon dioxide, was most rapid in the first three months and
then slowed, with very little, if any, occurring in the period from 9 to 12 months. These
results are consistent with the findings of several shorter term published studies reported
in US EPA, 2006, which determined that metabolism to inorganic arsenic is most likely
to occur soon after application. All of those studies, which lasted several weeks to
several months, ended with inorganic arsenic at less than 19% of the applied amount,
suggesting that as a reasonable upper bound.
In two other studies also reported in US EPA, 2006, very different conclusions are
found. One study applied DMA at the arsenic equivalent of 10 ppm and found that in
aerobic conditions, 52% was demethylated after 60 days, while in anaerobic conditions,
27% mineralization occurred. Mineralization was significantly lower in soils amended
with sewage sludge, manure, or hay. In another study, DMA was applied at 10 to 100
ppm in a variety of conditions and incubated for 70 days. The least amount of
mineralization, all less than 7% of applied occurred in low moisture soils and at low
temperatures. In moister soils at 22-25°C, demethylation ranged from approximately
12% to approximately 86% (Gao and Burau, 1997). In the one treatment where MMA
was applied, approximately 43% demethylation occurred, relative to 73% for DMA in
the same conditions (100 ppm as arsenic, 22°C, soil moisture approximately at field
capacity). Terrestrial field dissipation studies also suggest that conversion to inorganic
arsenic can occur, with total soil arsenic levels remaining elevated over control values
even after applied parent compounds are no longer detectable.
Inorganic arsenic
It is generally accepted and consistent thermodynamically, that arsenate rather than
arsenite is the prevalent form in aerobic soils. There were no reported tests for arsenite
production from cacodylic acid under anaerobic or flooded conditions. However,
comparable concentrations of arsenate and arsenite can thermodynamically coexist
under certain environmental conditions, including those found in groundwater and
surface water and such concentrations have been measured (US EPA, 2006).
As explained in WHO (2001), under oxidizing and aerated conditions, the predominant
form of arsenic in water and soil is arsenate. Under reducing and waterlogged
conditions (<200 mV), arsenites should be the predominant arsenic compounds. The
rate of conversion is dependent on the redox potential (Eh) and pH of the soil as well as
on other physical, chemical and biological factors. In brief, at moderate or high Eh,
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arsenic can be stabilized as a series of pentavalent (arsenate) oxyanions, H3AsO4,
H2AsO4–, HAsO42– and AsO43–. However, under most reducing (acid and mildly
alkaline) conditions, arsenite predominates.

6.4
6.4.1

Mobility
Volatility

The vapour pressure of MSMA is 7.5 X 10-7 mmHg (1 X 10-4 Pa). This classes MSMA
as very slightly volatile (Mensink et al, 1995). A measure of a chemical‘s ability to
volatilise from water bodies can be predicted by its Henry‘s Law Constant. Based on
the vapour pressure of MSMA and its very high water solubility, the Henry‘s Law
Constant is calculated to be 4.34 X 10-4 Pa m3/mol, which is indicative only of very
slight volatility from water (Mensink et al, 1995).
As reported above, MSMA/MMA can transform to volatile alkylarsines. However, this
is process is unlikely to be a significant route of degradation.

6.4.2

Soil Adsorption/Desorption

Some arsenic species have an affinity for clay mineral surfaces and organic matter and
this can affect their environmental behaviour. There is potential for arsenic release when
there is fluctuation in Eh, pH, soluble arsenic concentration and sediment organic
content. Weathered rock and soil may be transported by wind or water erosion. Many
arsenic compounds tend to adsorb to soils, and leaching usually results in transportation
over only short distances in soil (WHO, 2001).
This statement is challenged somewhat with information appearing in the US EPA‘s
documentation for their metals risk assessment framework. Here it is stated that most
soils are chiefly negatively charged, thus metal cations have a higher propensity to be
sorbed by soil particles than do metal anions. Arsenic typically exists as anionic species
under most environmentally relevant scenarios. This documentation further notes that,
in the USA, for most soils there is less than 5% of the total available charge on the soil
surface being positively charged. Anionic metals generally move into pore water
(making them more bioavailable), but then leach out of the system much more rapidly
(US EPA, 2007; Chapter 3; http://www.epa.gov/osa/metalsframework/).
New Zealand data
Sheppard et al (date unknown, http://contamsites.landcareresearch.co.nz/SubPart1.pdf)
ascertained the relative retention properties under typical conditions for important types
of New Zealand subsoils. The study examined the chemical and physical processes
affecting a specific range of contaminants tested in significant New Zealand subsoils
and aquifers. The contaminants tested were the metals cadmium, copper, chromium,
mercury, nickel, lead and zinc, plus arsenic. The test material is stated as ―metal
solutions‖, so in this regard, it is not possible to characterise the test material further.
The soil properties available from the report are given in the table below.
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The experiment process used sieved (<2 mm), dried soil where to 10 g dry weight
equivalent of each soil were added tap water to make up to 20 ml total water content
(including the soil water) then 10 mL of a 1000 ppm metal solution added to the
centrifuge tube. Blanks were run with all soils with 20 mL tap water only. The tubes
were shaken vigorously in a shaker for one hour and left for 24 hours
before centrifuging. The supernatant solution was decanted and then filtered with 1 mL
1 M HCl.
The soil was retained in the tubes and tap water added to make the total water content
30 mL, shaken as above for 1 hour, left for 24 hours and the extraction repeated as
above to measure the desorption coefficients.
The supernatant solutions were analysed by evaporation on cellulose pads and X-ray
fluorescence analysis of the pads. Several experiments were repeated, as checks on the
repeatability of the measurements. The standards were analysed by the same method.
The following Kd results were obtained.
Table 4 – Arsenic Kd values from Various New Zealand Soils
Soil

% Carbon

pH

% Moisture

As (mg/kg)

Kd
(adsorption)

Basalt

4.81

6.4

0.39

9

14.4

Loess

0.53

3.4

10.4

10

3.0

Silt

0.94

5.3

1.3

10

1.4

Weathered Greywacke

0.07

4.3

3.25

8

7.3

Peat

20.88

3.8

87.6

<10

4.9

Ash

0.33

5.6

25.8

10

1.1

Alluvial sand

0.12

5.4

1.1

7

1.0

Dune sand

0.06

6.3

0.6

8

2.2

There is not an apparent correlation between sorption coefficients and organic carbon.
Koc values (calculated as Kd/foc where foc is the fraction or organic carbon) ranged
from 23 (peat) to 10428 (weathered greywacke). Only one concentration appears to
have been tested, and given uncertainty over the actual test solution, these values are for
information only, and will not be used in the risk assessment.
MSMA/MMA Adsorption
A simple batch equilibrium adsorption experiment of 16 Mississippi River alluvial flood
plain soils, none of which were in the ―sand‖ textural class, two of which had a ―clay‖
texture, and 14 of which had a ―loam‖ texture is described in US EPA, 2006. The main
study objectives were to correlate sorption with soil properties and to make direct
experimental comparison of the relative sorptions of phosphate (as H2PO41-, a relatively
immobile soil chemical), cacodylate/cacodylic acid, arsenate/arsenic acid, and
methylarsonate/methylarsonic acid. Arsenical slurries were equilibrated at a 1:20
soil:solution ratio in systems experimentally fixed at a pH of 5.6. Based on the results,
the US EPA calculated simple soil sorption coefficients (Kd) based on the results at the
low-end initial concentrations, 3.2 x 10-4 M for cacodylate and 2.5 x 10-4 M for arsenate
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and MMA. The Kds for cacodylate ranged from 8.2 to 33 mL/g with a median of 16
mL/g and for MMA, the range was from 17 to 95 mL/g with a median of 28 mL/g. The
results were relatively independent of organic matter content. (Pseudo organic carbon
sorption coefficients (Koc) range from around 700 to 7000 mL/g organic carbon, but do
not correlate with the Kd values given above.) Sorption was best correlated with clay
and iron and aluminum oxide content. In this respect, the two organic arsenicals
behaved like the inorganic arsenate and phosphate. By direct comparison, all arsenicals
were more strongly sorbed than phosphate in the increasing order: phosphate <DMA
<arsenate ~ MMA.
Although arsenicals sorb more strongly than phosphate, phosphate is still expected to
strongly compete for binding sites. It is reported in Magalhães, 2002 that use of
phosphates as fertilizers or in soil amendments induces release of arsenate and increases
its mobility. Further, in experiments reported in Cai et al, 2002, it was found that
arsenic present in the test soils was easily released by nitrate and phosphate.
Additional Kd values for MMA were obtained from a registrant adsorption/desorption
study following standard FIFRA guidelines (US EPA, 2006). MMA was equilibrated
with soil at a 1:10 ratio with initial concentrations ranging from 1 to 18 ppm. Four soils
were tested with average Kds of 0.5 mL/g (sand), 11.4 mL/g (silty loam), 18.7 mL/g
(silty clay), and 39.4 mL/g (sandy loam). Again, there was no correlation between
organic matter content and sorption. Based on these two studies, the lowest non-sand
Kd values for DMA and MMA were 8.2 mL/g and 11.4 mL/g, respectively. pH could
have a major influence on sorption because of the anionic nature of the tested
chemicals.
It is noted in US EPA (2006) that pH could have a major influence on sorption because
of the anionic nature of the tested chemicals. Generally, anionic (negatively charged)
species tend to be less strongly sorbed by soil surfaces which tend to maintain a
negative (repelling) charge; the surface charge also tends to increase (become more
negative) at higher pHs. Thus, at more nearly neutral or alkaline pHs, sorption
coefficients could be considerably lower than those given above, and mobility
correspondingly higher. This is expected to be the case for MSMA released to the
environment where it dissociates to the anionic MMA. It is also expected to be the case
where MMA demethylates to inorganic anionic forms of arsenic such as arsenate.
Interestingly, as pointed out in US EPA, 2001, by direct comparison with phosphate, the
three arsenic chemical species cacodylate, arsenate, and MSMA (methylarsonate) were
more strongly sorbed than phosphate in the increasing order: phosphate < cacodylate <
arsenate ~ methylarsonate.
In this respect, the organic arsenicals (cacodylic acid and methylarsonate) behaved like
the inorganic arsenate and phosphate.
Inorganic Arsenic Adsorption
Arsenic concentrations in soil pore waters are generally very low even in contaminated
soils as a result of the combination of the multiple processes occurring in soils:
chelation, cation exchange, adsorption, and mineralization. Adsorption can occur
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mainly in phyllosilicates (micas and clays), hydrous metal oxides (aluminium,
manganese, and iron), carbonates, and organic matter. The most amorphous hydrated
oxides seem to be the most effective in arsenate adsorption processes. The adsorption
extent depends also on the initial concentration, pH, and competing ions present in
solution (Magalhães, 2002).
Desorption of arsenate from goethite was studied over a period of 12 months.
Phosphates are also competitor ions for the same specific adsorption sites on solid
particles as arsenate, increasing the extension of its desorption. Arsenate desorption in
the presence of phosphate was rapid, with about 45% arsenic desorbed within the first
24 h. Sulfate ions had much less effect on arsenate desorption (Magalhães, 2002).

Mahimairaja et al, 2005 showed through their literature search, that in contaminated
soils, generally As(V) predominates over As(III), whereas in waters, the relative
proportion of these two species varies depending on a number of factors, including As
sources, redox potential, pH, and microbial activity. They report that under aerobic
conditions (redox potential of 500–200 mV), As solubility was low and the major part
(65–98%) of the As in soil solution was present as As(V). At alkaline pH, the reduction
of As(V) to As(III) released substantial proportions of As into solution. Under
moderately reducing conditions (0–100 mV), As solubility was controlled by the
dissolution of Fe oxyhydroxides. At an anaerobic redox level of -200 mV, soluble As
increased 13-fold as compared to an aerobic redox level of 500 mV. The apparent slow
kinetics of the As(V) to As(III) transformation and the high concentrations of
manganese (Mn) present indicate that, under reducing conditions, As solubility could be
controlled by the Mn3(AsO4)2 phase.

One of the important factors affecting the adsorption/desorption characteristics of As is
the contact time (residence time) in soils and sediments. In research cited in
Mahimairaja et al, 2005, it was reported that the longer the residence time (1 year), the
greater the decrease in As(V) desorption at pH 4.5 and 7.8, suggesting non-singular
reactions. The surface transformation processes, such as rearrangement of surface
complexes and conversion of surface complexes into aluminium arsenate-like
precipitates, might be responsible for the decrease in As(V) reversibility with aging.

6.4.3

Discussion on Leaching Potential

It is clear that where local characteristics are amenable, leaching of arsenic from soil to
groundwater can occur. For example, arsenic was detected in fourteen of the fifteen
shallow groundwater wells from 5 golf courses in Florida, USA, with a median
concentration of 27.50 ug/L (DERM, 2002). It is generally not possible to isolate the
source of arsenic in environmental samples due to the variety of reactions and
speciation that can occur. However, in the golf course data, the implication was that
arsenic concentrations in the shallow wells at golf courses, while being typical for the
golf course environment, do not reflect background conditions. This indicates they
arise from use of arsenic based herbicides used on the golf courses.
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Nonetheless, the available evidence suggests such occurrences will be localised, and
fairly unusual in the wider environment. The following comment is provided by MAA
Research Task Force, (2005):
In dry areas, where precipitation rates are relatively low, microbial activity and
biologically mediated transformation of MAA in soil will be diminished
compared to the moist laboratory conditions under which many of the studies
cited in this document were performed. Some of the laboratory studies cited also
used unusual soil amendments such as glucose, to enhance the growth of microbes
(note: this comment cannot be clarified as the studies in question have not been
provided to ERMA for review). In worst case conditions, where precipitation or
irrigation rates are high, soils contain little clay, and groundwater is shallow,
arsenic leaching to groundwater due to agrochemical spills has been demonstrated
(DERM, 2002), and is highly localized. Regular MSMA use has not been
demonstrated to result in elevated arsenic concentrations in groundwater,
consistent with observations that MAA, DMA, and inorganic arsenic bind to soil
particles. In natural soils, microbial activity and biologically mediated
transformation of MAA will be diminished compared to conditions in many of the
laboratory studies cited in which unusual and easily-metabolized soil amendments
such as glucose or corn meal were used. Under conditions in soil and groundwater
reflective of most areas of the U.S., after MSMA contacts the soil surface, MSMA
or MAA is expected to remain bound to the top layer of soil.
Based on information presented in field dissipation studies, this certainly seems to be an
appropriate argument, as movement through the soil profiles were seldom observed
with most applied substance being retained in the top soil surface layer.

6.5
6.5.1

Field Dissipation
Field Dissipation Studies

Details on registrant field studies submitted to the US EPA for review are found in
MAA Research Task Force, 2005:
California: MSMA was applied three times to a typical cotton field in the San
Joaquin Valley, California, at a rate of 4.95 lb. a.i./acre (~5.5 kg/ha) per
application. The soil was a Hanford fine sandy loam. For 12 months soil samples
were taken to a depth of 48 inches (120 cm) and analyzed for MSMA, total
arsenic, and cacodylic acid (the metabolite expected based on laboratory studies).
MSMA soil residues declined during the 12-month sampling period after the last
application, to a level less than 0.05 ppm. The calculated half-life for MSMA was
55 days. The maximum residue levels of MSMA were 9.5 ppm (dry soil), in the
surface soil layer (0-6 inch; 0-15 cm) and 0.6 ppm in the 6-12 inch (15-30 cm)
layer. This confirmed that MSMA is not subject to leaching.
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Cacodylic acid was formed in the surface soil layer (0-6 inches) but not deeper. A
maximum concentration of 0.24 ppm (dry soil) was detected 91 days after the
third MSMA application. The calculated half-life for cacodylic acid was 88 days.
Total arsenic levels in soils were established for all plots. Background levels of
naturally occurring arsenic were determined for control plots only. The mean
arsenic levels in the untreated plots were extremely variable, with a range of 7.1 to
12.9 ppm and a mean of 10.1 ppm. The total arsenic levels in the treated soil
ranged between 10.0 and 17.2 ppm with a mean of 12.6 ppm. The difference
between the means in treated and untreated plots was not statistically
significantly.
Arkansas: MSMA was applied two times over a 14 day period, to a Commerce
silt loam soil, cropped to cotton in Crittenden County, Arkansas, at a rate of 2.0
lb. a.i. per acre (2.24 kg/ha) per application. Soil samples were taken for 12
months to a depth of 48 inches (120 cm) and analyzed for MSMA, total arsenic,
and cacodylic acid.
MSMA soil residues declined during the 12-month sampling period to a level less
than 0.05 ppm at the conclusion of the study. The maximum residue level of
MSMA was 2.4 ppm (dry soil) and was found in the surface soil layer (0-6 inches;
0-15 cm). MSMA was not detected below this layer. The calculated half-life for
MSMA was 11 days.
Cacodylic acid was infrequently detected in the surface soil layer, but not deeper.
A maximum soil concentration of 0.14 ppm was detected shortly after the initial
MSMA application. The half-life could not be calculated for cacodylic acid due to
infrequent detections.
Total arsenic levels in soil were established for all plots. Background level of
naturally occurring arsenic was determined for control plots only. The mean
arsenic level in the untreated plots was less than 5.0 ppm (range <5.0 to 7.1 ppm).
The mean arsenic level in the treated soil was 6.2 ppm (range 5.0 to 7.1 ppm).
The difference between the means in treated and untreated plots is not statistically
significant.

6.6

Bioaccumulation

US EPA, 2001 concludes on bioaccumulation potential as follows:
Since MSMA did not bioconcentrate significantly in bluegill sunfish and both
MSMA and DSMA have low octanol/water partitioning ratios (log Pow <1), there
is little potential for bioconcentration. Although the scientific literature shows that
many plant and animal species (shrimp, for example) have selectively high
bioconcentration factors for arsenic, these are for other complex organic forms of
arsenic (such as organobetaines) which are reported as practically nontoxic. The
published literature also shows the absence of biomagnification of arsenic.
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Earthworms can accumulate arsenic compounds from arsenic contaminated sites.
Considerable accumulation of arsenic (bioconcentration factor 10.30-18.10) in E. fetida
exposed to sub-lethal concentrations of arsenate. Some earthworm species have been
reported not to accumulate arsenic (bioconcentration factor 0.1-0.67). There is no direct
correlation between soil arsenic concentration and tissue arsenic concentration. This
may depend on different modes of life between earthworm species, exposure time,
different routes and analytical methods employed (Schultz and Joutti, 2007).

6.7

Soil Accumulation

The US EPA (2006) note the following with respect to soil accumulation of arsenic:
The relative immobility of arsenicals along with arsenic‘s elemental nature make
build-up in soil after repeated applications an important consideration. Arsenic
does not break down; it can only be redistributed through runoff, leaching,
erosion, volatilization, or plant uptake. Even at the lowest non-sand Kd of 11.4
mL/g (for MSMA), sorption of arsenicals would be significant, and the range of
possible Kds extends to much higher values, especially if the possibility of
transformation to more strongly sorbing inorganic arsenic is considered. As a
result, significant leaching is unlikely in most conditions and the potential for
runoff is likely to decrease over time. Volatilization is also likely only in specific
circumstances, leaving soil erosion and plant uptake as the sole routes of
dissipation of organic arsenicals applied to soil.
This statement appears contradictory to their earlier assertion that anionic species are
generally less strongly sorbed by soil surfaces, which tend to maintain a negative
(repelling) charge, and that at more nearly neutral or alkaline pHs, sorption coefficients
could be considerably lower than those given above, as the soil surface charge tends to
become more negative at higher pHs. Nonetheless, there are no hard data to make
further conclusions in this regard.
The statement that ―even at the lowest non-sand Kd of 11.4 mL/g, sorption of arsenicals
would be significant‖ can be put in some context. A Kd of 11.4 mL/g equates to an
equilibrium concentration of 11.4 mg/kg in the solids phase of the soil compartment
compared to 1 mg/L in the water phase. ERMA uses a default density value of 1500
kg/m3 in the soil compartment. This is supported by assuming soil consists of 20% air,
30% water (density of 1000 kg/m2) and 50% solids (density of 2400 kg/m2). Thus, the
mass of the solids in the soil compartment is 4 times that of water. The Kd of 11.4
mL/g therefore means the amount of chemical partitioned to the solids component of the
soil compartment will be 45.6 times that of the amount of chemical found in the soil
pore water.

6.8

Conclusions – Environmental Fate

Based on all these results, the following conclusions relating to the environmental fate
of MSMA/MMA can tentatively be drawn:
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MSMA may transform through methylation, primarily to DMA, or demethylation
to inorganic forms of arsenic;
Production of volatile arsines is unlikely to be significant;
Degradation/transformation appears to be the result of biotic processes rather than
abiotic ones;
The
transformation
process
appears
biphasic
with
faster
degradation/transformation following application, and the process slowing
significantly thereafter;
Assuming this is the result of biological metabolism, then this faster
transformation closer to application may be the result of increased parent
compound available in pore water, (soil adsorption processes incomplete);
This notion is supported by some data showing lower mineralisation in drier soils
(increased binding expected) or lower temperatures (lower microbial activity).
Based on the aerobic aquatic metabolism study above, parent MSMA appears
persistent in water with little transformation to other organic or inorganic forms of
arsenic. This indicates that soil processes could be more important for
transformation.
Given the highly variable nature of results, characterising the degradation pattern
and formation of metabolites is an academic exercise at best as it will be
dependent very much on the specific characteristics of the receiving environment.
Results presented above suggest that, as a guide, in the first instance up to 35% of
applied MSMA may remain unaltered in the soil environment after 1 year; up to
30% may convert through methylation to DMA (although data from the field
suggest this value will be much lower), with up to 20% converting to inorganic
forms.
The concept of deriving a ―half-life‖ for chemicals such as MSMA and arsenics is not
really applicable. However, they are required for modelling purposes. The US EPA
selected an aerobic soil "half-life‖ for modelling purposes of approximately eight
months (240 days). This value derives from data from the one-year laboratory study
described above for one soil (approximately 35% of the dose remained after one year).
This value was essentially the same as that which the reviewer estimated from two data
points reported in a published seventy-day study of several arsenicals (Gao and Burau,
1997) after rough normalizations for soil moisture (suction) and concentration effects
based on comparison with more complete results for cacodylic acid. For this
assessment, the same ―half-life‖ will be used.
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7

Predicted Environmental Concentrations

7.1

Soil

ERMA New Zealand default values to be used in converting field application rates to
units of mg active/kg dry soil are an incorporation depth of 5 cm (the product is not
mechanically incorporated, although it is wetted in or applied when rain is expected),
and a soil density of 1500 kg/m3. Based on the two use scenarios described in
Appendix C Section 5.1, annual broadacre application rates will be 7200 g MMA/ha
(scenario 1) and 21600 g MMA/ha (scenario 2). In terms of total arsenic, these rates
equate to around 3850 and 11560 g/ha respectively.
When distributed through the top 5 cm soil, following a single application, estimated
soil concentration is 5.1 and 15.4 mg/kg total arsenic for scenario‘s 1 and 2 respectively.
The following table shows estimated soil concentrations based on one year‘s application
assuming no degradation using the maximum number of applications in a season for the
scenarios. Residues in the top 5 cm are considered due to no incorporation. However,
given the likelihood of wetting in or application preceding rain, residues in the top 10
cm are also provided.
Table 5 – Predicted Arsenic Soil Concentrations (5 and 10 cm) after 1 year at normal
use rates.
Application rate

Assumed

Total rate

5 cm

10 cm

(g MMA/ha)

degradation

(g As/ha)

mg As/kg soil

mg As/kg soil

Scenario 1

7200

0%

3850

5.1

2.6

Scenario 2

21600

0%

11560

15.4

7.70

Scenario 1 is presented as a means of controlling, not eliminating, paspalum plants by
preventing them from producing seed heads. While the annual application rate is lower
due to the smaller number of applications, MSMA is likely to be applied annually.
Accumulation in soil over time has been modelled based on Smith (1982). The
application rate modelled for scenario 1 is 7200 g MMA/ha that is based on two
applications of 3600 g MMA/ha, 12-16 weeks apart assuming no degradation or other
dissipation between applications. The aerobic soil ―half-life‖ of 240 days has been used
in the modelling, although the uncertainties surrounding this value must be recognised.
Using these assumptions, the residues, if retained in the top 5 cm of soil, concentrations
of MMA are predicted to reach maximum levels after around 5 years at a maximum of
14.7 mg MMA/kg immediately following application, and gradually fall over the year
to be 5.1 mg/kg immediately prior to the next application.
These calculations are in terms of parent compound, not total arsenic. As noted above,
arsenic itself does not break down and it can only be redistributed through runoff,
leaching, erosion, volatilization, or plant uptake.
Therefore, the above soil
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concentrations would most likely underestimate the build up of arsenic in soil resulting
from MMA application to control paspalum.
The following levels predicted in soil are in the form of total arsenic. Use of MSMA as
an herbicide results in arsenic addition to soil in the form of MMA. However,
following this, total arsenic may be the result of various forms of arsenic such as MMA
and arsenate. Assuming no dissipation of arsenic from the soil, total arsenic
concentrations in the top 5 cm of the soil after, for example, 10 and 30 years application
would be about 51 and 154 mg As/kg soil respectively. In reality, the assumption of no
dissipation is not realistic, particularly in a very confined soil layer of 5 cm. Over time,
dissipation may occur through several mechanisms. Examples may include soil mixing
to greater depths through soil biota (earthworm activity for example), or soil disturbance
through agronomic activity leading to perhaps increased top soil run-off or dissipation
in the wind. Additionally, inorganic arsenic in the form of arsenate (As(V)) is expected
to dominate in aerobic soil environments, and this can be potentially re-mobilised in the
environment through desorption. Research described above in Appendix C section
6.4.2 investigating desorption of arsenate from goethite demonstrated phosphates as
being competitor ions for the same specific adsorption sites on solid particles as
arsenate, increasing the extension of its desorption. Arsenate desorption in the presence
of phosphate was rapid, with about 45% arsenic desorbed within the first 24 h.
Therefore, it would seem possible that where phosphate based fertilisers are used, the
potential for arsenate to be mobilised increases somewhat.
If in terms of total arsenic, a dissipation half-life is assumed (for example, 10 years to
allow redistribution of arsenic from the soil), the maximum concentration in the top 5
cm is modelled to be around 77 mg As/kg soil, and would reach maximum levels after
around 150 years of continual application.
If distribution were spread over the top 10 cm of soil, the maximum concentration (with
a 10 year half-life) would be around 38 mg As/kg soil, again taking over 150 years to
reach. These concentrations are in addition to background concentrations.
To consider how realistic such modelling is, it is useful to compare with field results if
available. While there does not appear to be any measured data for arsenic build up in
New Zealand soils resulting from continued use of MSMA as an herbicide, some data
are available internationally. In Florida, USA, several studies have documented soil and
groundwater contamination nationally as a result of agrichemicals used in golf course
turf maintenance, with results reported in DERM, 2002. At the golf courses in the
study, arsenic was routinely applied as MSMA. While there is not information in the
report as to the number of years MSMA had been applied, the average age of the golf
courses in the study was 35 years. A total of twenty-eight herbicide brands containing
MSMA as the active ingredient were registered for use in the state of Florida at the time
of the study. Based on current application rates for the two most popular formulations,
golf courses can apply between 255 and 282 grams /1000sq ft/year of elemental arsenic
applied as MSMA. This equates to around 30 kg As/ha (~50 kg MMA/ha per annum),
which is significantly higher than New Zealand use rates. The highest arsenic
concentrations were found in the surficial soils (0-30 cm), and from 31 separate
measurements (range of detections of 0.80 to 54.8 mg As/kg) the 95% upper confidence
limit was 23.5 mg As/kg soil.
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It is worth noting, that if the New Zealand use rates described above for scenario 1
(annual use of 7200 g MMA/ha) were distributed through the top 30 cm soil, using a
dissipation half life of 10 years, the maximum concentration would be in the order of
12.8 mg As/kg. Based on this, it appears the soil modelling above is not unrealistic for
consideration of soil accumulation in the use area.
Scenario 2 is for eradication of paspalum. Advice on this use pattern is that the regime
may be used for up to 2 consecutive years after which continued use of MSMA should
not be required. Two consecutive years of use with such an application pattern
(assuming no degradation or dissipation) would result in maximum soil residues of 29.8
mg As/kg (top 5 cm) or 14.9 mg As/kg (top 10 cm). These levels are in addition to
background concentrations that may occur at the sites of application. Background
levels in New Zealand soils have been discussed above, and tend to occur up to 12
mg/kg with occasional soils showing higher values. In this regard, the 2 year, top 10 cm
soil concentration predicted from use to eradicate paspalum is not remarkably different
to current higher end background levels, although they will be in addition to the
background levels found in the use area.
The following table shows predicted soil concentrations after 1, 5 and 30 years
continual use (scenario 1) and 2 years (scenario 2), using a dissipation half-life from the
soil of 10 years with distribution through the top 5 cm of soil:
Table 6 – Summary of Predicted Arsenic Accumulation (mg As/kg soil).

No soil dissipation
Soil dissipation half life
10 y

Total Arsenic Soil Predicted Soil Concentrations (mg As/kg)
Scenario 1
Scenario 2
1 year
5 years
30 years
Maximum
2 years
Maximum2
1
5.1
25.7
153
N/A
30.8
30.8
5.1
22.5
67.1
77
29.8
29.8

1) With the assumption of no soil dissipation, soil concentrations will continue to increase for as long as the
substance is used in the area. 2) For scenario 2, the chemical will only be used in the one area for 2 years, therefore,
maximum soil concentrations due to use of herbicide will be the same as the 2 year accumulation value.

7.2
7.2.1

Surface Water
Screening level exposure assessment

Tier 1 exposure calculations have been performed with the US EPA GENEEC2 model
that combines exposure from runoff and spray drift. The main operator for predicting
runoff in this model is the chemicals ability to sorb to soil. In this regard, the soil/water
partition coefficient (Kd) value is preferred to the Koc. The Kd is defined as the ratio
between the concentration in soil and the concentration in water. Therefore, it can be
used to estimate the dissolved or the adsorbed fraction in a soil-water system for all
chemicals. The Koc can be used in cases where there is strong correlation between the
Kd and the organic content of test soils. However, as detailed above, this is not the case
for MSMA.
The US EPA reported Kd values ranging from 2.5-110 mL/g, with a mean value of 40
mL/g. However, for their modelling, they used the lowest non-sand Kd value (from a
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total of 20 different soils) of 11.4 mL/g. In performing the tier 1 exposure
concentrations, aerobic soil half-life of 240 days, aerobic aquatic half-life of 480 days
(note, there are no data for this end-point, and the US EPA in such cases assume twice
the aerobic soil half-life value), low boom spray, medium-coarse droplet spray and
water solubility of 1 X 106 mg/L have been used. For scenario 1, an application rate of
3600 g MMA/ha and 2 applications (84 days apart) per season have been modelled,
while for scenario 2, an application rate of 3600 g MMA/ha and 6 applications (14 days
apart) per season have been modelled.
Table 7 – Tier 1 (GENEEC2) Surface Water Concentrations (MMA)
Concentrations and Q-values
Peak

Max 4 d

Max 21 d

Max 60 d

Max 90 d

Scenario 1
Estimated concentration (µg /L)

155.55

154.70

150.01

140.10

133.20

Scenario 2
Estimated concentration (µg /L)

473.62

471.04

456.76

426.57

405.56

7.2.2

Tier 1 exposure assessment

Refinements to spray drift and run-off are considered separately. The characteristics of
receiving waters are important in predicting final surface water concentrations. ERMA
New Zealand does not have standard water bodies for such an assessment. For this
assessment, three different water bodies will be used based on EU FOCUS surface
water scenarios. These are:
Table 8 – Water Body Types Based on EU Focus Surface Water Scenarios
Water body
Ditch
Stream
Pond

7.2.2.1

Width (m)

Length (m)

Depth (m)

1
1
30

100
100
30

0.3
0.3
1

% Catchment
treated
33
20
100

Spray Drift

In Australia, the Australian Pesticides and Veterinary Medicines Authority (APVMA)
has developed a series of standard scenarios to assess spray drift risk for the most
common situations. Information relating to their approach to assessing spray drift,
including the operating principals and standard spray drift scenarios, are available at
http://www.apvma.gov.au/users/spray_drift.shtml.
For this assessment, there is no aerial application, so only drift from ground boom spray
will be modelled. The label instructions indicate a low boom spray, with a mediumcoarse nozzle. Modelling is performed using AgDRIFT with these parameters, and
using the 50th percentile data.
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For the ditch and stream scenarios, a single application is modelled given that the water
in such water bodies will be exchanged between applications just due to flow rate. For
the pond scenario, the sum of consecutive applications will be modelled as the pond is a
more stagnant water body than the ditch or stream.
In estimating the concentration in receiving waters, AgDRIFT will distribute deposition
over the surface of the receiving area. For example, with a stream or ditch at the edge
of the field being 1 m wide, deposition from the edge of the field will be spread over a
downwind area of 1 m. At a single application rate of 3600 g MMA/ha, AgDRIFT
predicts this deposition will amount to 27.2%. However, with the pond being 30 m
wide, the same edge of field drift is ―diluted‖ over 30 m to give average initial
deposition of 1.7% of applied. Corresponding water concentrations are then derived
based on the depth of the receiving water. The pond (1 m deep), has a fixed water
volume of 900000 L. With an average deposition of 1.7% (61.2 g MMA/ha equating to
5510 mg over the surface of the pond) the concentration in the pond will be 6.12 µg/L.
By comparison with a depth of 0.3 m in the stream and ditch, for every 1 m length of
stream/ditch, there is 300 L water. With an average deposition of 27.2% applied (979 g
MMA/ha equating to 98 mg/m2), the corresponding receiving water concentration will
be 326 µg/L.
Because the pond is considered more of a standing body of water (residence time could
exceed the time between applications), as a worst case, it is appropriate to consider
multiple applications as a single event. Therefore, for scenario 1 (two applications), the
pond concentration from spray drift is predicted to be 12.3 µg/L, while that for scenario
2 (up to six applications, maximum combined rate of 21600 g MMA/ha) is predicted to
be 36.8 µg/L.
7.2.2.2

Runoff

For FOCUS scenarios all three defined water bodies, the Pond, Ditch and Stream have
an adjacent field that contributes drainage or runoff fluxes to the water body. In
addition, the Ditch and Stream scenarios have an upstream catchment that also
contributes drainage or runoff fluxes to the water body. As described in EC (2003):
Pond scenarios represent the simplest arrangement. Each 30 m x 30 m pond
receives drainage or runoff waters with associated pesticide in solution from a
4500 m2 contributing catchment. No pesticide is present in the base flow that
enters the pond. For runoff scenarios, the pond also receives eroded sediment and
associated pesticide from a 20 m ‗corridor‘ adjacent to the pond. Eroded sediment
is not contributed from the whole of the 4500 m2 catchment because of its
tendency to re-deposit when transported over extended distances.
Ditch scenarios are only associated with drainage inputs. They receive drainage
fluxes from a 1 ha field adjacent to the ditch and from a 2 ha upstream catchment.
Pesticide solute is only present in drainage waters from the 1 ha field adjacent to
the Ditch. No pesticide is present in drainage waters from the upstream catchment.
This represents a situation where 33% of the area considered in this scenario is
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treated with the pesticide. As for the pond, no pesticide solute is present in the
base flow fluxes that contribute water to the ditch.
Stream scenarios are the most complex. They receive drainage or runoff fluxes
from a 1 ha field adjacent to the ditch and from a 100 ha upstream catchment. It
is assumed that, in addition to the adjacent 1 ha field, pesticide will be applied on
the same day to 20% of the area of the upstream catchment. The stream thus
receives pesticide solute in the drainage or runoff waters from all of the 1 ha
adjacent field and 20 ha of the upstream catchment. However, in order to adopt an
extremely conservative approach to the exposure calculation, it is assumed that all
pesticide solute deriving from the treated area of the up-stream catchment impacts
upon the surface water body at exactly the same time as that deriving from the
treated field adjacent to it.
The percent of catchment area treated is used in run-off calculations below.
There are large uncertainties involved in predicting runoff, and levels of chemical in
runoff will be dependent on many site specific parameters including soil characteristics,
slopes, distances between edge of field and receiving waters and types of buffers in
between such distances (for example, vegetative filter strips, bare ground, grassed
buffers). While higher tier modelling can be performed using internationally accepted
models such as PRZM or EXAMS, the use of these models also requires higher tier
inputs such as site specific meteorological data. This makes their output more uncertain
for regions not sharing similar environmental characteristics.
In order to refine the run-off estimates from those obtained above within the GENEEC
estimated water concentrations, the model described by Birkved and Hauschild (2003)
has been used. This model relies on the Koc of the chemical and calculates the fraction
of applied chemical likely to run-off with consideration of soil type (based on sand
content), slope of fields and excess rainfall.
The lowest non-sand Kd value for MSMA was shown to be 11.4 L/kg. Because the
assessment of MSMA above has shown that its sorption properties to soil are
independent of Koc, the model inputs for Koc and fraction of organic carbon have been
set to result in a Kd of 11.4 L/kg (for example, a Koc of 1140 and a fraction of organic
carbon of 0.01 will result in a Kd of 11.4 L/kg). In running the model other input
parameters included a rainfall event sufficiently intense to result in 2, 5 or 10 mm of
excess rainfall (available for run-off); and soil with a sand content of 45-85% were
chosen. Several different slope factors were modelled (1, 3, 7 and 10%).
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Table 9 – Predicted MMA Surface Water Concentrations From Run-off
Slope (%)
Runoff (mm)
2

Runoff fraction

1

3

7

10

8.22E-05

0.000247

0.000578

0.000827

Fraction dissolved

0.6868

Scenario 1

PEC(runoff water)

20.3

61

143

204

Scenario 2

(µg/L)
Runoff fraction

61
0.000209

183
0.000627

428
0.001467

614
0.002099

Fraction dissolved

0.46729

Scenario 1

PEC(runoff water)

14.0

42.2

98.7

141

Scenario 2

(µg/L)

42
0.000428

127
0.001286

296
0.003009

424
0.004307

5

10

Runoff fraction
Fraction dissolved

0.3049

Scenario 1

PEC(runoff water)

9.4

28.2

66.1

94.5

Scenario 2

(µg/L)

28.2

84.8

198

284

Independence from organic carbon can be achieved in the model with respect to the
fraction of chemical found in the dissolved phase. However, the total runoff fraction
remains a function of Koc in this model (along with a function of slope, soil type and
excess rainfall). Where slope remains constant, the fraction of parent compound in the
dissolved phase decreases as runoff volume increases. Consequently, the predicted
concentration in runoff water (taken as the edge of field) decreases with increasing
runoff volume. Slope also plays a significant role in determining the likely
concentrations in runoff water. It can be determined from the above table that highest
concentrations in edge of field runoff water will be found where rainfall is sufficiently
low to result in surface flow, but not to the extent of having a significant volume of
runoff water.
The above concentrations are obviously still overestimated. They do not account for
degradation or dissipation between applications (which could be several months in
Scenario 1), or recognise that range of possible Kds extends to much higher values than
that used in the model, especially if the possibility of transformation to more strongly
sorbing inorganic arsenic is considered. As a result, significant leaching is unlikely in
most conditions and the potential for runoff is likely to decrease over time (see Section
6.7).
Concentrations into receiving water bodies can be estimated based on edge of field
concentrations, and the likely contribution these waters make to the receiving water
body. As shown above, in the EU, this is assumed to be 33% for a ditch and 20% for a
stream based on % area of the catchment treated. For a pond, a field of 4500 m 2 is
assumed to drain into the pond, and for this assessment, the following pond
concentrations are made assuming the inflowing water completely displaces an
equivalent amount of water in the standing pond water. For example, with runoff of 2
mm from 4500 m2, a total of 9000 L will enter the pond, displacing the equivalent
volume from the pond. If the field has a 3% slope, it was predicted above that the
concentration in the runoff water for scenario 1 was 61 µg/L. Therefore, in the 9000 L

MSMA Reassessment – Application

February 2009

Page 95 of 272

runoff water, a total of 549,000 µg/L would be present. When distributed through the
900000 L volume of the pond, the final concentration in the pond water would be
0.61 µg/L.
In the following table, concentrations are based on those derived above for a 2 mm run
off event and a 10 mm run off event, with either a 3% or 10% slope.
Table 10 – Predicted MMA Surface Water Concentrations (µg/l) From Run-off Using
Standard Receiving Water Bodies
Scenario 1
2 mm runoff event

Scenario 2

3% slope

10% slope

3% slope

10% slope

61

204

183

614

Ditch

20.1

67.3

60.4

202.6

Stream

12.2

40.8

36.6

122.8

Pond

0.61

2.04

1.83

6.14

28.2

94.5

84.8

284

Ditch

9.3

46.9

28.0

93.7

Stream

5.6

28.4

16.96

56.8

Pond

1.4

4.7

4.2

14.2

Edge of field concentration (µg/L)

10 mm runoff
Edge of field concentration (µg/L)

Highest concentrations in both the ditch and stream scenario result from the lower run
off event due to lower dilution. However, in the pond, the estimated concentrations are
highest with the 10 mm run off event as this carries the highest loading of MMA.
7.2.2.3

Comparison with measured data

It is useful to compare these predicted values with monitoring results where such
comparable results exist. While New Zealand does not have comparable results, a study
on pond water concentrations from several golf courses in Florida provides some useful
information. In the study (Pichler et al, undated), water samples from a total of 28 golf
course lakes from 4 different golf courses were collected monthly over a one-year
period from February 2001 to January 2002. Two of the larger lakes were sampled in
two different spots giving a total of 360 samples over the 12 month period. Generally,
detected levels were higher coinciding with MSMA application. The dominant species
of arsenic in the water was the inorganic arsenate. It should be noted here that there was
no apparent relationship between application rates and the levels of arsenic in the lake
water, or the size of the lake and arsenic levels. However, it is also noted that there was
an 11-times enrichment of arsenic in the golf course lakes when compared to non-golf
course lakes.
The report noted that there was no arsenic detected in the groundwater and therefore,
the arsenic available in the lake water was most likely to come from herbicide use rather
than irrigation water. It was also noted that the highest concentrations of arsenic
(dominated by arsenate) coincided with the higher use periods of late spring and
summer. To illustrate this, the late spring and summer months of May through to
August (120 observations) have been compared with the remainder of the year‘s
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observations (240 observations). For the summer period, detections ranged from 0.1124.3 µg/L with around 26% of observations being >10 µg As/L, and a mean value of
14 µg As/L. This compared with the remainder of the year where detections ranged
from 0-89.8 µg As/L with around 20% of observations being >10 µg As/L, and a mean
value of 9.3 µg As/L.
The levels in the Florida golf course water were predominantly arsenate with minor
contributions as MMA. However, it is not really possible to differentiate between input
resulting from spray drift and that from runoff. Therefore, it is appropriate to consider
the monitored results based on combined spray drift and runoff levels. The following
table provides a summary of minimum and maximum runoff values from Appendix C
Table 10, along with spray drift estimates calculated above, in terms of total arsenic
(noting this can be present in a number of different forms).
Table 11 – Predicted Total Arsenic Surface Water Concentrations (µg/L) From
Combined Spray Drift and Runoff
Scenario 1

Scenario 2

Runoff

Spray drift

Total

Runoff

Spray drift

Total

0.3

6.6

6.9

1.0

19.3

20.3

2.5

6.6

9.1

7.6

19.3

26.9

Minimum Runoff (3% slope; 2
mm runoff)
Maximum Runoff (10% slope;
10 mm runoff)

This table shows that the majority of input to the pond water is likely to come from
spray drift. However, it assumes that spraying operations occur up to the edge of the
pond, and in that respect, may overestimate the drift contribution in many situations.
Nonetheless, the range of predicted water concentrations are within the range found in
the Florida monitoring study. While the higher use rates in Scenario 2 resulting in a
much higher spray drift contribution are at the higher end of the range of monitoring
data (most observations were below 10 µg As/L), they are acceptable to use as a
conservative estimate in the risk assessment.
These levels are in terms of total arsenic. The risk assessment below is provided in
terms of MMA resulting from herbicide application. To convert these values to the
corresponding MMA value (assumes all available arsenic is therefore present as MMA
following application), they are multiplied by 1.87.

7.3

Ground Water

As an initial screen, the concentration of MSMA in ground water can be predicted using
the US EPA SCIGROW model. The SCI-GROW estimate is based on environmental
fate properties of the pesticide, the application rate, and existing data from small-scale
prospective ground-water monitoring studies at sites with sandy soils and shallow
ground water (http://www.epa.gov/oppefed1/models/water/scigrow_description.htm).
The results therefore, can really only be used as an indication. Further, the model relies
on a Koc value. Sorption of MSMA has been shown to be independent of Koc, further
diminishing the use of this model for predicting ground water concentrations of this
chemical.
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Nonetheless, the model has been consulted based on an aerobic soil half-life of 240 days
for parent MSMA. A range of Koc values have been modelled based on different levels
of organic carbon in the soil (Koc decreasing as the fraction of organic carbon
increases) to maintain a Kd of 11.4 L/kg.
Table 12. Predicted Groundwater Concentrations Based on Scenario Soil Organic
Carbon
Scenario 1

Scenario 2

%OC

Koc

MSMA

As

MSMA

As

1

1140

0.85

0.45

2.54

1.4

2

570

2.29

1.2

6.88

3.7

5

228

8.47

4.5

25.4

13.6

To consider how realistic such modelling is, it is useful to compare with field results if
available. While there does not appear to be any measured data for arsenic
contamination in New Zealand ground water resulting from continued use of MSMA as
an herbicide, some data are available internationally. In Florida, USA, several studies
have documented soil and groundwater contamination nationally as a result of
agrichemicals used in golf course turf maintenance, with results reported in DERM,
2002. From 5 participating golf courses, six groundwater-monitoring wells were
installed at each course during February 1997. The wells were installed as paired wells,
with three pairs (clusters) at each golf course. Each well cluster consisted of one
shallow and one deeper well. The shallow well was designed to provide samples from
the soil water interface and was constructed with five feet of screening that extended
two feet above and three feet into the water table. The deep well consisted of two feet of
screening placed at approximately 20 feet below the water table. The 30 golf course
monitoring wells along with the background wells were sampled four times
during 1997.
There are no details on overlying soil characteristics, so the influence on organic carbon
cannot be assessed here. For the shallow wells (12 samples per golf course) there was
large variation. Mean concentrations between the courses ranged from 17.2 to 198.3
µg/L compared to a mean background concentration of 2.8 µg/L (30 samples). The
range of values across all golf courses in the shallow wells (total of 60 samples) ranged
from 1 to 815 µg/L compared to a range of 1 to 13.9 µg/L in background samples.
As noted, these shallow wells were intended to provide concentrations representative of
the soil/water interface. In the deeper wells, concentrations were very much reduced.
Mean concentrations between the five golf courses ranged from 1.8 to 9.9 µg/L
compared with 2.5 µg/L in background wells (n = 26). The range of values was 1 to
44 µg/L compared with 1 to 7 µg/L in background samples.
Given that use rates on the golf courses in the Florida study were significantly higher
than those in the New Zealand scenarios, the predicted ground water concentrations
derived above in terms of total arsenic based on MSMA use would not seem unrealistic
as a worst case, in addition, to background concentrations.
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The following table shows predicted groundwater concentrations after 1, 5 and 30 years
continual use (scenario 1) and 2 years (scenario 2), based on a soil with 5% organic
carbon and a soil Kd of 11.4 L/kg:
Table 13 – Predicted Arsenic Soil Groundwater Accumulation Levels (µg As/L).
Scenario 1
5 years

1 year
Groundwater concentration (µg
As/L)

4.5

22.7

30 years

Scenario 2
2 years

136

27.2

These concentrations assume no mixing or recharge of groundwater over the course of
the modelling cycle, and no dissipation of arsenic from the groundwater during this
period.

8

Environmental Effects

8.1

Introductory Comments

The following ecotoxicity data have been obtained from US EPA, 2001. Experimental
details were not available, so no further analysis of the results has been performed.

8.2
8.2.1

Avian
Acute

The following single acute oral toxicity result for Northern bobwhite was provided in
the US EPA assessment report. The test substance contained 51% MSMA and the
following result has been corrected for purity of the test material.
Table 14. Summary of Acute Oral Toxicity of MSMA to Birds
Species
Northern bobwhite

LD50 (mg a.i./kg bw)
425

Confidence interval
Not reported

This result is similar to the acute oral LD50 to Northern bobwhite for exposure to
DSMA (LD50 = 514 mg/kg bw).
Two LD50 values are available for arsenic acid (Arsenate – H3AsO4) in the US EPA
ECOTOX database. Both are for toxicity to Northern Bobwhite, and show this
substance to be more toxic to this bird species by around an order of magnitude with
reported LD50s of 28.9 (21 day test) and 46 (14 day test) mg/kg bw.

8.2.2

Short-Term

Two dietary results are provided as shown below. Again, the test substance contained
51% MSMA and the results are corrected for purity of the test material.
MSMA Reassessment – Application
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Table 15. Summary of Dietary Toxicity of MSMA to Birds
Species
Northern bobwhite
Mallard duck

LC50 (mg a.i./kg diet)
1667
>2912

Confidence interval
Not reported
Not reported

Test results provided in US EPA, 2001 for dietary exposure to DSMA also showed
Northern bobwhite to be more sensitive (LC50 = 3850 mg a.i./kg diet) compared with
Mallard duck (LC50 >4606 mg a.i./kg diet).
Two LC50 values of 168.5 and 432 mg/kg diet (8 day tests) are reported in the
ECOTOX database for arsenic acid to Northern bobwhite, again indicating this
substance is more toxic to this species than MSMA by up to an order of magnitude. A
further LC50 of 1145 mg/kg diet for arsenic acid is reported in the ECOTOX database
for fluvous whistling-duck.

8.2.3

Reproduction

No avian reproduction toxicity data are available.

8.3

Fish

8.3.1

Acute Exposure

Several acute toxicity results are available for MSMA toxicity to fish species. No
experimental details were provided, however, and the results are simply reported as
provided in the US EPA report with no further analysis. No confidence intervals were
reported for any of the results.
In the majority of MSMA tests, the amount of active in the test material ranged from
around 35% to around 51%. The results in the following table have been corrected for
purity of the test product. While not actually stated, it is assumed all tests were 96 h
studies.
Table 16. Summary of Acute Toxicity of MSMA to Fish
Species
Bluegill sunfish (fresh water)
Bluegill sunfish (fresh water)
Bluegill sunfish (fresh water)
Bluegill sunfish (fresh water)
Rainbow trout (fresh water)
Rainbow trout (fresh water)
Fathead minnow (fresh water)
Channel catfish (fresh water)
Goldfish (fresh water)
Sheepshead minnow (salt water)
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Test conditions
Flow through
Static
Static
Static
Flow through
Static
Static
Static
Static
Static

February 2009

LC50 mg/L
<47.4
<51
4.1
18.5
<85
40
4.6
10.1
10.8
323
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The most sensitive result was an LC50 of 4.1 mg/L to bluegill sunfish, and this result is
supported by a similar LC50 of 4.6 mg/L to fathead minnow.
Several LC50 values are reported in the US EPA ECOTOX database for arsenic acid.
96 h LC50 values range from 28 mg/L (Sheepshead minnow) to 167 mg/L for Chinook
salmon. These results indicate the organic MSMA is more toxic than arsenate to fish.

8.3.2

Reproductive/Chronic Exposure

No longer term fish toxicity data are available.

8.4
8.4.1

Aquatic Invertebrates
Acute Exposure

Several acute toxicity results are available for MSMA toxicity to fish species. No
experimental details were provided, however, and the results are simply reported as
provided in the US EPA report with no further analysis. No confidence intervals were
reported for any of the results. Results are corrected for purity of the test material.
Table 17. Summary of Acute Toxicity of MSMA to Fish
Species
Water flea (fresh water)
Scud (fresh water)
Mysid shrimp (salt water)
Eastern oyster
Eastern oyster
Pink shrimp

Test conditions
Static
Static
Static
Flow through
Flow through
Flow through

LC/EC50 mg/L
40
<51
173
80
>0.63
>0.63

The most sensitive result was an EC50 of 40 mg/L to water flea. Due to the lack of
experimental details, it is not appropriate to use the eastern oyster and pink shrimp
EC50 values >0.63 mg/L in the risk assessment.
There are several results for arsenic acid toxicity to aquatic invertebrates in the
ECOTOX database. 48 h EC50 values to water flea range from 6.46 to 15 mg/L. Other
reported aquatic invertebrate EC50 results range from 2 mg/L (opossum shrimp) to 10.5
mg/L (ciliate protozoa). Arsenic acid, based on these results, seems more toxic to
aquatic invertebrates than MSMA.

8.4.2

Reproductive/Chronic Exposure

No longer term toxicity data are available for aquatic invertebrates.

8.5

Benthic Invertebrates

No toxicity data for sediment dwelling organisms were available.
MSMA Reassessment – Application
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8.6

Algae, Diatoms And Aquatic Plants

Only two results are reported for MSMA in the US EPA report. However, several other
results are available for DSMA, and these may be considered suitable surrogates.
Results for both substances are reported in the following table. Again, no experimental
details are available. For MSMA, reported results have been corrected for purity of the
test product. For DSMA, the purity of the test product was around 82% for all results.
It is unclear whether the results provided in the US EPA report were corrected, but it
does not seem to be the case.
Table 18. Summary of Acute Toxicity of MSMA and DSMA to Algae/Aquatic Plants
Species
MSMA
Duckweed
Green algae
DSMA
Duckweed
Green algae
Marine diatom
Marine diatom
Blue green algae

EC50, mg a.i./L

NOEC (mg/L)

53
2.8

29
<0.3

72.7
96.2
38.8
211
1.5

20.5
<67
<26.6
32.9
0.9

The most sensitive MSMA result was an EC50 (assumed 96 h, but no details available)
to green algae. For this test, the NOEC was below 0.3 mg/L, and it is assumed this was
the lowest tested concentration. The US EPA report does not note this value as being
corrected for purity, so the actual NOEC could be <0.15 mg/L.
Similar sensitive results were found with DSMA. The most sensitive result was to bluegreen algae with an EC50 of 1.5 mg/L and a corresponding NOEC of 0.9 mg/L.
Two EC50 values are reported for Arsenic acid in the ECOTOX database. A 120 d
EC50 >2.4mg/L is provided for the blue-green algae, Anabaena flos-aquae, while a 120
d EC5 of 0.009 mg/L is provided for the diatom Skeletonema costatum. This is a very
sensitive result, several orders of magnitude below results found for MSMA.

8.7

Terrestrial Invertebrates

8.7.1

Honey Bees

US EPA, 2001 provides one acute toxicity result with an LD50 of 35 µg a.i./bee. There
are no test details, so it is unclear whether this is through oral or contact exposure. The
result is supported with a reported LD50 >20.7 µg a.i./bee with exposure to DSMA
(again, route of exposure is unclear).

8.7.2

Beneficial Terrestrial Invertebrates

No data for MSMA/MMA are available.
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8.7.3

Soil-dwelling invertebrates

No data for MSMA/MMA are available in the US EPA review, or from the US EPA
ECOTOX database. However, some results for arsenate toxicity are available in the
open literature.
The toxicity and accumulation of arsenate was determined in the earthworm Lumbricus
terrestris in soil from different layers of a forest profile (Meharg et al, 1998). In the
first part of the experiment, considering time on the toxicity of arsenate, worms were
subject to arsenate doses applied to the soil at 0, 15, 30, 40, 50, 60, 70, 80, 100, 200,
400, and 500 mg/kg (10 worms per test vessel, three replicates; top 0-70 mm of the soil
profile with pH 3.6, 11.5% OM and 37% water holding capacity). The experiment ran
for 10 days. Mortality was highly dependent on length of exposure. At 1d, there was
little or no mortality, whereas, at 3 d, mortality was minimal at concentrations below
100 mg/kg but increased sharply between doses of 100 to 500 mg/kg to maximum of
100%. The dose-response curve changed between 3 and 6 d, with arsenate
concentrations above 30 mg/kg causing some mortality. By 10 d, all arsenate
concentrations resulted in some mortality. The plot of the concentration that causes 50%
mortality (LC50) with time showed a steep decline between 2 and 8 d, with LC50
changing from 400 to 100 mg/kg arsenate. Another study cited in this report
determined an 8-wk LC50 for E. fetida of 100 mg/kg arsenate (Fischer and
Koszorus, 1992).
The Meharg et al, 1998 study also found an effect of soil depth on toxicity after 4 d.
The toxicity of arsenate increased with depth down the soil profile, with the 4-d LC50
decreasing from 300 to less than 100 mg/kg at the extremes of the soil profile. The
lowest depth tested was 500-700 mm soil layer, characterised as sand with pH 5.1 and
0.8% OM. Such characteristics indicate the arsenate may have been more bioavailable
due to lower binding.
It is difficult to derive an end-point for regulatory use based on these results. However,
in non-sandy soils with reasonable binding capacity, it would appear an LD50 to
earthworms is in the region of 100 mg/kg arsenate.

8.8

Microorganisms

No data for MSMA/MMA are available.

8.9

Terrestrial Plants

The following terrestrial plant toxicity data for MSMA are provided in US EPA, 2001.
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Table 19. Summary of Acute Toxicity of MSMA to Terrestrial Plants (g a.i./ha)

Monocot

Dicot

Plant type
Corn
Oat
Ryegrass
Onion
Soybean
Carrot
Tomato
Cabbage
Cucumber

EC25
NA
NA
NA
NA
NA
NA
NA
130
NA

Emergence
NOEC
Endpoint
2510
None
1255
None
2510
None
2510
None
2510
None
2510
None
2510
None
20.2
Dry weight
2510
None

EC25
NA
468
NA
>2510
798
NA
1237
578
>2510

Vegetative vigour
NOEC
Endpoint
2510
None
157
Dry weight
2510
None
628
Plant height
628
Dry weight
2510
None
314
Plant height
314
Plant height
628
Dry weight

No experimental details are available to confirm or otherwise the results reported in the
above table. MSMA was not toxic to any tested plant in seedling emergence studies
with the one exception of cabbage, where adverse effects on dry weight were observed.
Effects appeared more pronounced in vegetative vigour studies with the oat being the
most sensitive monocot (EC25 and NOEC of 468 and 157 respectively). The most
sensitive dicot was cabbage (EC25 and NOEC of 578 and 314 respectively).
The phytotoxicity of arsenic is affected by the chemical form in which it occurs in the
soil and concentration; water-soluble form being more phytotoxic than other firmly
bound forms. Arsenite, As(III) is more phytotoxic than arsenate, As(V) and both are
much more phytotoxic than monosodium methane arsenic acid (MSMA) (Schultz and
Joutti, 2007). Despite this statement, no actual ecotoxicity data for arsenite or arsenate
were reported.

8.10

Ecotoxicity end-points for use in the Risk Assessment

Ecotoxicity results provided above are for the parent compound, MSMA. The
following table provides the values chosen for use in the risk assessment along with a
corresponding MMA equivalent (0.864 times the value of MSMA based on molecular
weight). The reason for this is that the active constituent in the Agpro MSMA 600
product under consideration is stated as MMA (present as MSMA). Consequently,
exposure estimates will be in terms of MMA, so to enable proper comparison in the risk
assessment, this conversion is necessary.
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Table 20. Acute ecotoxicity end-points used in the risk assessment (MSMA and MMA
equivalents)
Acute Terrestrial Ecotoxicity End-points
Birds
LC50

Bees
Terrestrial invertebrates
Soil dwelling organisms
Soil microorganisms
Terrestrial plants Soil

LD50
No data available
No data available
No data available
EC25

Foliar EC25
Acute Aquatic Ecotoxicity End-points
LC50
Fish
EC50
Aquatic invertebrates
EC50
Algae/aquatic plants
No data available.
Sediment organisms

1667 mg
a.i./kg diet

1440 mg
MMA/kg diet

Northern bobwhite

35 µg a.i./bee

30 µg MMA/bee

Honey bee

(LD50 ~100 mg arsenate/kg)

Earthworm

130 g a.i./ha

112 g MMA/ha

468 g a.i./ha

404 g MMA/ha

Cabbage
(emergence)
Oat (veg. vigour)

4.1 mg a.i./L
40 mg a.i./L
2.8 mg a.i./L

3.54 mg MMA/L
34.6 mg MMA/L
2.42 mg MMA/L

Bluegill sunfish
Water flea
Green algae

9

Environmental Risk Assessment

9.1

Preliminary Comments

Two exposure scenarios have been provided by ERMA for use in the assessment and
are described in Appendix C Section 5.1. One is the application of MSMA to control
paspalum seed heads in turf. In this scenario, application may occur twice in the
growing season (12-16 weeks apart), with annual use of the herbicide. In the second
scenario, to eradicate paspalum, MSMA may be applied four to six times in a season (34 weeks between application), and such a regime may be used for up to 2 consecutive
years. However, following this, continued use of MSMA should not be required.
Wet soil is desirable to prevent burning desirable turf species. Therefore, in both
scenarios AGPRO MSMA is applied to a sward that has a good level of soil moisture. If
irrigation is not available application is scheduled before rain. MSMA is applied in 300
to 400 L of water per hectare via a boom sprayer.
Advice received from the turf industry (only users of MSMA in New Zealand) is that
aerial methods of application will not be used. Consequently, exposure scenarios
described below, particularly those considering spray drift, are based only on ground
application.
Maximum annual application rates used in all modelling are 7200 g MMA/ha (scenario
1) and 21600 g MMA/ha (scenario 2).
In characterizing risk in the following section, risk quotients are derived through
comparing the predicted environmental concentrations (see Appendix C Section 7) with
MSMA Reassessment – Application
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the acute ecotoxicity end-points shown in Appendix C Table 20. These risk quotients
(Q-values) are then compared with levels of concern to conclude on the potential risk.
Levels of concern (LOC) developed by the USEPA (Urban and Cook 1986) and
adopted by ERMA New Zealand, to determine whether a substance poses an
environmental risk are provided in Appendix C Table 20.
Table 21: Levels of concern as adopted by ERMA New Zealand.
Endpoint
LOC
Presumption
Aquatic (fish, invertebrates)
Acute RQ≥
0.5
High acute risk
Acute RQ
0.1-0.5 Risk can be mitigated through restricted use
Acute RQ<
0.1
Low risk
Chronic RQ≥
1
High chronic risk
Plants (aquatic and terrestrial)
Acute RQ≥
1
Mammals and birds
Acute dietary RQ≥
Acute oral dose [granular
products] RQ≥
Chronic RQ≥

9.2

High acute risk

0.5
0.5

High acute risk
High acute risk

1

High chronic risk

Risks Arising From Use

9.2.1

Avian

Birds may be exposed orally through food and water ingestion as well as non-food
sources such as granules, baits and soil ingestion. At the Tier I level it is assumed that
animals obtain all their diet from the treated area and the contaminated food is not
avoided. Considerations differ depending on the use pattern, for example, sprayed
formulations as opposed to granules, baits or treated seed.
For spray applications, pesticide concentrations in animal food items are estimated with
the focus on quantifying possible dietary ingestion of residues on vegetative matter and
insects. Residue estimates are based on the updated Kenaga nomogram (Pfleeger et al,
1996) that relates food item residues to pesticide application rate. The Kenaga
nomogram was developed by the US EPA to estimate wildlife exposure to pesticide
residues on consumed plant material. The nomogram is a graphical representation of the
modelled relationship between pesticide residues on the plants and the application rates
and physical factors like the surface area and mass of foliage and how much of the spray
is intercepted by the foliage. Residues are then compared directly with dietary toxicity
data or are converted to an oral dose for use in the risk characterisation.
Multiple applications will occur with this product in both use scenarios therefore the tier
1 assessment, exposure to total application levels (sum of all applications) is considered.
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Using this approach, the following avian predicted exposure concentrations in the diet
(PECfood) have been calculated:
Table 22: PECfood calculations
Number of
Applications

Total
Rate (g MMA/ha)

1 (control of paspalum)

2

7200

2 (eradicate paspalum)

4-6

21600

Scenario

PECfood mg/kg fresh weight
Quail1
Mallard2
754
279
2263

838

1) Birds with a diet similar to quail (30% small insects, 70% grain/long grass); 2) Birds with a diet similar to mallards
(70% small insects, 30% grain/long grass)

Q-values from scenario 1 based on the avian toxicity end-point of 1440 mg MMA/kg
diet are 0.52 (high acute risk) and 0.19 (potential risk, but may be mitigated through
restricted use) for a quail and mallard diet respectively.
Q-values from scenario 2 based on the avian toxicity end-point of 1440 mg MMA/kg
diet are 1.98 (high acute risk) and 0.58 (high acute risk) for a quail and mallard diet
respectively
If exposure to plant material following just a single application is considered (3600 g
MMA/ha for both scenarios), dietary residues in the ―quail‖ and ―mallard‖ diet are
reduced to 377 and 139 mg MMA/kg diet respectively. Q-values are then 0.26 and
0.096 respectively, both below the threshold for high acute risk.
In scenario 2, it is also possible that single application rates of 5400 g MMA/ha can
occur. At this rate, dietary residues in the ―quail‖ and ―mallard‖ diet are estimated to be
566 and 209 mg MMA/kg diet respectively. Q-values are then 0.39 and 0.14 (both
below the threshold for high acute risk).
No chronic toxicity data are available, so risk to birds following chronic exposure
cannot be characterised.

9.2.2

Aquatic

Tier 1 surface water exposure concentrations have been predicted using GENEEC2, and
are presented above in Appendix C Section 7.2. These concentrations have been
compared to the acute aquatic ecotoxicity end-points shown in Appendix C Table 20
and Q-values shown in the following table:
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Table 23 – Tier 1 (GENEEC2) Surface Water Concentrations (MMA) and Aquatic QValues
Concentrations and Q-values
Scenario 1
Estimated concentration (µg/L)
9.2.3
9.2.4

Peak

Max 4 d

Max 21 d

Max 60 d

Max 90 d

155.55

154.7

150.01

140.1

133.2

Q-value fish
Aquatic
invertebrates

0.04

0.04

0.04

0.04

0.04

0.004

0.004

0.004

0.004

0.004

Algae/aquatic
plants

0.06

0.06

0.06

0.06

0.06

473.62

471.04

456.76

426.57

405.56

0.13

0.13

0.13

0.12

0.11

0.01

0.01

0.01

0.01

0.01

0.20

0.19

0.19

0.18

0.17

9.2.5

Scenario 2
Estimated concentration (µg/L)
Q-value fish
Aquatic
invertebrates
Algae/aquatic
plants

The Scenario 1 assessment shows Q-values are all below the LOC of 0.1, where risk is
considered to be low. Therefore, there is no need for further refinement of the aquatic
risk assessment for the scenario 1 use pattern.
For scenario 2, risk quotients for aquatic invertebrates are indicative of a low acute risk.
However, those for fish and algae/aquatic plants indicate a potential risk, but one that
may be mitigated through restrictions on use.
To refine the aquatic exposure risk assessment, exposure from spray drift and run-off
have been considered separately. Refined exposure estimates are described above in
Appendix C Section 7.2, and associated Q-values (based on acute aquatic ecotoxicity
values shown in Appendix C Table 20) are shown below for scenario 2.
9.2.5.1

Refined Spray Drift

Table 24– Predicted MMA Surface Water Concentrations From Spray Drift and Aquatic
Q-values – no buffer zone, Scenario 2.
Water body

Ditch
Stream
Pond

Edge of field
drift (%)

Concentration
(µg/L)

Fish

27.2
27.2
1.7%

326
326
36.8

0.09
0.09
0.01

Q-value
Aquatic
invertebrates
0.009
0.009
0.001

Algae/aquatic
plants
0.135
0.135
0.015

Acute risk quotients indicate low acute risk in most situations to aquatic organisms
exposed to spray drift of MSMA, even where this exposure occurs at the edge of the
field. A potential risk based on levels of concern are identified for algae/aquatic plants
based on the ditch and stream default characteristics. Risks to these organisms may be
mitigated through restricting use, for example, use of a buffer zone.
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The most sensitive aquatic organisms for MSMA are algae/aquatic plants with a most
sensitive EC50 of 2.42 mg/L to a green algae. For the risk quotient to be considered
acceptable, the receiving water concentration must be 0.242 mg/L or less. AgDRIFT
predicts a downwind buffer zone of 1 m would sufficiently reduce drift to result in an
acceptable risk. At 1 m from the edge of the field, drift is predicted to be 5.6%, with a
water concentration of 0.067 mg/L (Q = 0.03).
9.2.5.2

Refined Run-off

Table 25 – Aquatic Q-Values From Run-off Modelling Scenarios, Use Scenario 2.
Water concentration (µg/L)
3% slope

10% slope

60.4

202.6

Acute Aquatic Q-Values
3% slope

10% slope

Fish

0.017

0.057

Aquatic invertebrates

0.002

0.006

0.025

0.084

Fish

0.010

0.035

Aquatic invertebrates

0.001

0.0035

0.015

0.051

Fish

0.001

0.004

Aquatic invertebrates

0.0001

0.0004

Algae/aquatic plants

0.002

0.006

Ditch (2 mm runoff)*

Algae/aquatic plants
Stream (2 mm runoff)

*

36.6

122.8

Algae/aquatic plants
Pond (10 mm runoff)

*

*

4.2

14.2

Runoff scenario modelled is that giving highest runoff water concentration.

Risk quotients for all scenarios are below the level of concern for acute aquatic risk in
all modelled receiving water body types.
9.2.5.3

Combined Spray Drift and Runoff Exposure

The likelihood of water bodies been exposed through both spray drift and runoff at the
same time is very small. However, MMA could persist in water bodies for some time.
While combined exposure in ditches and streams is unlikely to occur due to stream
flow, the situation for standing bodies of water is not so clear.
Combining exposure levels from spray drift and runoff just for pond situations based on
Scenario 2 results in a maximum predicted water concentration of 51 µg/L (36.8 µg/L
from spray drift and 14.2 µg/L from runoff, 10% slope, 10 mm runoff, scenario 2). At
this concentration, Q values for aquatic organisms are still below the acute level of
concern (risk quotient = 0.021) indicating an acceptable acute risk to aquatic organisms
from MMA.
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9.2.5.4

Chronic aquatic risk

No chronic aquatic toxicity data are available, so chronic risk cannot be characterised.

9.2.6

Terrestrial Invertebrates
Bees and other terrestrial arthropods

One test result returning an LC50 of 35 µg/bee for MSMA (30.2 µg/bee MMA) was
provided. It is not apparent whether this was through contact or oral exposure. A single
application rate of 5400 g MMA/ha, if spread evenly over the hectare, equates to a
deposition rate of 54 µg/cm2. This results in a Q-value to bees of 1.8. ERMA NZ
adopts the EU position for bees, where, if the oral and contact HQ <50, low risk to bees
is concluded and no further testing is required. Therefore, the risk to bees through
MSMA application is considered acceptable.
There are no other toxicity data for organisms such as beneficial insects or other
terrestrial arthropods to allow a characterisation of risk to these animals, either in-field
or off-field. Given that this product is not aerially applied, the likelihood of off-field
movement through spray drift is greatly diminished. Therefore, off-field exposure to
terrestrial arthropods is not expected to be high, so potential risk to non-target terrestrial
arthropods outside the field of application will be much lower than that within the field
of application. However, without toxicity data for these organisms, no conclusions on
risk to them can be drawn.
Earthworms and other Soil Dwelling Invertebrates
There are no toxicity data available for MSMA/MMA to terrestrial invertebrates. Given
the persistence of arsenicals in the soil environment, this would appear to be a
significant data gap. However, it must be remembered that arsenic occurs naturally, and
background levels in soil can be relatively high (refer to Appendix C Section 5.2).
Soil accumulation modelling results calculated above (Appendix C Section 7.1) showed
that as a worst case, the maximum concentration in the top 5 cm could reach around 77
mg As/kg soil, or if spread over the top 10 cm of soil, the maximum concentration
would be around 38 mg As/kg soil, based on the scenario 1 use pattern. These
concentrations could be reached after more than 150 years continual use.
Concentrations resulting from scenario 2 would be lower.
The only toxicity data available for earthworms was for arsenate exposure and an LD50
based on mortality of around 100 mg/kg soil was considered representative. While the
actual form of arsenate was not reported, if it is assumed that it was present as H2AsO4or HAsO42-, as would be expected in the environmental pH range, then in terms of total
arsenic, this LD50 equates to around 54 mg As/kg soil. This indicates a Q-value around
0.7 in the top 10 cm soil if that total arsenic were all present as arsenate. However, the
calculation is academic at best, particularly as it assumes complete conversion of MMA
to arsenate. Toxicity will be dependent on bioavailability with lower toxicity thresholds
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expected as conditions favour lower sorption of arsenic compounds, thereby increasing
their availability in soil pore water. At best, it may be stated that localised adverse
effects on soil invertebrates cannot be ruled out in areas with continuing MSMA use.
However, movement out of the field of application is expected to be limited and risk to
soil dwelling organisms outside the field of application is not expected as a result of
MSMA use given background levels may well be higher than those resulting from offfield transport.

9.2.7

Microorganisms

There are no toxicity data available for MSMA/MMA to soil microorganisms, which
again, given the persistence of arsenicals in the soil environment, would appear to be a
significant data gap. However, the same arguments made above for earthworms would
apply to soil microorganisms.

9.2.8

Terrestrial Plants

The most sensitive EC25 for soil exposure was 112 g MMA/ha (cabbage, soil
emergence test) while that for foliar exposure was 404 g MMA/ha (oat, vegetative
vigour). These values equate to 2% and 7.5% of single maximum application rates of
MMA (5400 g MMA/ha in scenario 2) respectively indicating a high acute risk within
the application area.
ERMA New Zealand calculates tier 1 exposure concentrations for foliar exposure based
on the fraction of the chemical that will reach directly outside the target area (an
assumption based on GENEEC2 modelling). In GENEEC2, spray drift is calculated
using a sub-routine developed by the Spray Drift Task Force (SDTF) for this purpose.
It estimates the ninetieth percentile total down-wind deposition onto the two hundred
and eight foot wide water body (~63 m).
SDTF data were also used in the development of the AgDRIFT model. Using the 90th
percentile data, low boom and medium to coarse droplet settings in this model,
deposition at the edge of the field (0 m buffer) at a single maximum application rate of
5400 g MMA/ha results in spray drift of 1.1% (58.8 g MMA/ha). This deposition
results in Q-values of 0.5 and 0.15 for soil and foliar end-points respectively, both
below the level of concern thereby indicating a low acute risk. However, it also
assumes that deposition is averaged over a 63 m wide stand of vegetation. Off-field
areas of vegetation could be much narrower than this. If, for example, a receiving stand
of vegetation is 3 m wide, then average deposition is increased to 11.4% (around 620 g
MMA/ha), and Q values increase to 5.5 and 1.5 for emergence or vegetative vigour
respectively (unacceptable risk).
By applying a downwind buffer zone, risk can effectively be mitigated. The most
sensitive result was the emergence test with cabbage (EC25 of 112 g MMA/ha).
Maximum allowable deposition to result in an acceptable Q-value to non-target plants
would therefore be 112 g MMA/ha. While AgDRIFT predicts downwind deposition
would result in a low acute risk to non-target terrestrial plants using their default
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deposition area, if a narrower deposition width, for example, 3 m is considered, the
buffer zone required to result in deposition sufficiently low for a low acute risk is 3m.

9.3

Conclusions – Risk Characterisation

Birds: Screening level exposure calculations indicate a risk to bird species, particularly
those with a herbivorous diet When single applications were considered, the potential
risk did not meet the threshold for high acute risk.. MSMA/MMA is persistent.
Chronic exposure could therefore occur although the solubility of MSMA means it is
unlikely to remain on the foliage for extended periods. However, no chronic toxicity
data are available to characterise chronic risks to birds.
Aquatic organisms: Screening level exposure calculations resulted in a prediction of
risk to fish and algae/aquatic plants in scenario 2. However, following refinement of
exposure estimates, the risk to fish, aquatic invertebrates and algae/aquatic plants was
concluded to be low based on current broadacre use situations, particularly if a
downwind buffer zone of 1 m were applied. Where spot treatment is used, risk
quotients would be lower still. No chronic toxicity data for aquatic organisms are
available to allow a characterisation of chronic risk.
Sediment organisms: No data exist for toxicity of MSMA to sediment dwelling
organisms. Given the expected persistence of this chemical and arsenics in general in
the sediment compartment, this is a data gap. While MMA and other arsenic species are
generally likely to be bound in the sediment compartment and therefore not be
bioavailable, it is apparent that changes in sediment characteristics could re-mobilise
these compounds, thereby making them bioavailable.
Bees and other terrestrial arthropods: While the risk to bees was deemed to be low,
there are no toxicity data available to characterise risk to other terrestrial arthropods
either in the field of application, or off target.
Earthworms and soil dwelling organisms: No toxicity data exist for earthworm or any
other soil dwelling organisms for MSMA, so risk could not be characterised. Where
complete conversion to arsenate is assumed, a possible risk is identified (worst case Qvalue ~0.7), but this is highly uncertain. Localised impacts cannot be ruled out,
particularly given the potential for MMA and arsenic accumulation resulting from
continued use in the same area. However, data show that MMA and arsenic species
likely to result from its use are generally bound within the soil matrix and unlikely to
migrate significantly from the field of application. Further, arsenic commonly occurs in
soils at a range of background concentrations. Therefore, the risk to earthworms and
soil dwelling organisms from use of MSMA is expected to be low, particularly outside
the field of application.
Soil microorganisms: No toxicity data exist for soil microorganisms. However, similar
arguments apply as for earthworms, and the risk to soil microorganisms from use of
MSMA is expected to be low, particularly outside the field of application.
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Non-target terrestrial plants: Screening level exposure calculations based on single
applications at broadacre use rates identified potential risks to non-target terrestrial
plants outside the area of treatment. Where spot spray treatments are used, risk
quotients would be reduced proportionately to the area being treated. Refinement of
drift calculations suggest a downwind buffer zone around 3 m from the treated area to
non-target terrestrial plants would lower the risk quotient to acceptable levels.

9.4

Conclusions – Hazard classification

Based on the assessment of the available data, the following hazard classifications are
proposed for the parent compound:
Hazardous property

Classification

Justification

Aquatic

9.1 B

Lowest acute fish LC50 3.54 mg MMA/L; lowest
algae/aquatic plant EC50 2.42 mg MMA/L; lack of rapid
degradability; no chronic data available to exclude from
classification step.

Soil

9.2A

Cabbage emergence EC25 of 130 g a.i./ha equivalent to 0.17
mg/kg

Terrestrial Vertebrate

9.3 B

Acute LD50 of 425 mg MSMA/kg bw (367 mg MMA/kg
bw) to Northern bobwhite;

Terrestrial
Invertebrate

Not applicable

The only honey bee result is a 48 h LD50 of 35 µg
MSMA/bee (30 µg MMA/bee), which is outside the
classification range.

No formulation test data are available for formulations conforming to Soluble
concentrate containing 600 g/l methylarsinic acid. The environmental classification of
such formulations is based on mixture rules and is 9.1B, 9.2A, 9.3B for aquatic, soil and
terrestrial vertebrates respectively.
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APPENDIX D SIGNIFICANCE OF MSMA IN THE
NEW ZEALAND ENVIRONMENT
Arsenic in the New Zealand Environment
Levels of different arsenic forms in the environment are difficult to estimate. The
central structure of the organic arsenic herbicides are part of a range of naturally
occurring arsenic-based chemicals ubiquitous within the environment (see Appendix C).
This makes exposure differentiation between herbicidal and naturally occurring arsenic
difficult. Additionally the element arsenic is not easily leached from the environment or
broken down. Arsenic compounds can only be re-distributed or dissipated through
runoff ,
leaching,
erosion,
volatilization or
Plant uptake.
The ecotoxicological assessment (Appendix C) provides two figures for potential
increases in soil arsenic that result from the continued use of MSMA. One assumes no
dissipation while the other assumes a soil dissipation half life of 10 years. Both
estimates are made assuming the arsenic is retained in the top 5cm of the soil.
Distribution through the soil profile is dependant on factors such as soil type, pH and
rainfall and again will vary between sites. The 5cm figure is a worst case scenario and
so a 10 cm figure has also been provided. The modelling shows reasonable agreement
with overseas studies of environmental levels close to golf courses and.
The assessment of MSMA derived arsenic is complicated by the presence of naturally
occurring arsenic. To assess the potential impact of MSMA derived arsenic on an
ecosystem it is necessary is to add the figures derived from modelling, (see Appendix
C), to representative environmental levels and compare these with New Zealand
guidelines. The Ministry of Health (MOH) and Ministry for the Environment (MFE)
have set guideline values for the maximum levels of arsenic in a range of ecosystems.
These are summarised in Table D1.
Appendix C quotes a range of New Zealand data as examples of naturally occurring
arsenic. From this data potential background ranges have been established (these figures
represent commonly occurring values and ignore upper values which are outliers).
Background ranges are also summarised in Table D1. Note, soil and freshwater figures
have been chosen preferentially for the Auckland and Waikato regions since these areas
are heavily populated and fall within the MSMA usage area.

Page 114 of 272

February 2009

MSMA Reassessment – Application

Table D1: Guidelines for maximum acceptable value of Arsenic and indicative
background levels of Arsenic in the environment
Guidelines 36

Background range

Soil Agricultural and Standard
residential

30 mg/kg

In Auckland soils 0.4 – 12
mg/kg

Soil High density urban residential

100 mg/kg

Soil Parks and

200 mg/kg37

recreation
Commercial

500 mg/kg

Human drinking water

0.01 mg/L

Groundwater

Livestock drinking water

0.50 mg/L

New Zealand Range
0-0.24 mg/l

ANZ ECC trigger values for surface
freshwater

0.024/0.013 mg/L

Waikato River 0.003-1.21
mg/l Median 0.044 mg/l

ANZ ECC sediment quality guidelines

Low 200 mg/kg dry weight

Waikato river sediment
9-156 mg/kg

High 700 mg/kg dry weight

Comparing Potential arsenic levels with New Zealand Guidelines
Table D2 contains the figures derived in the ecotoxicological modelling and adds them
to the upper background level for soil and groundwater then compares them to the
guidelines set by MOH and MFE. The freshwater data from the Waikato River has a
considerably larger range than other environmental compartments and is heavily
influenced by geothermal activity. Consequently the median figure has been used rather
than the upper level in the calculations below.

36

37

As per Identifying, Investigating and Managing Risks Associated with Former Sheep-dip Sites: A
guide for local authorities http://www.mfe.govt.New Zealand /publications/hazardous/risks-formersheep-dip-sites-nov06/html/index.html
Derived from Australian National Environment Protection Council 1999
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Table D2:
Comparison of the sum of environmental and MSMA derived arsenic with
MFE guidelines
Half
life

Soil
concentration
39
after 1 year
Mg

40

Scenario 1 MMA
3600g /ha each year
Arsenic
from
MSMA

Total
Arsenic

None +
10 yrs

5.1

17.1

None

25.7

37.8

Compared38
with
guidelines

Scenario 2 MMA
21600 g/ha for
2 years

Compared
with
guidelines

Arsenic
from
MSMA

Total
Arsenic

Below all
guidelines

15.4

27.4

Below all
guidelines

Above
farming

30.8

42.8

Above
farming

30.8

42.8

AS/kg

Soil
concentration
after 5 years

Below high
density
residential

Mg AS/kg
Soil
concentration
after 30 years

None

153

165.1

10 yrs

67.1

89.1

Mg AS/l

Fresh (Ditch)
41
water

Above
farming

30.8

42.8

2 yr
.0272

.2672
.

n/a

n/a

.2026

.2466

Below high
density
residential

Mg AS/kg

Soil water
Groundwater

Below high
density
residential

Below park
land

Mg AS/kg

Soil
concentration
after 30 years

Above
residential

1 yr .0045

.2445

5 yr .0227

.2624

30 yr .136

.3760

.0673

.111342

Below
livestock
guidelines

Below
livestock
guidelines

Mg AS/l

Effect on soil arsenic levels
Guideline values for residential soils are designed to provide a good level of protection
by ensuring that long-term risks are tolerably low. A number of conservative
38

39
40
41
42

Comparison of total arsenic resulting from the addition of MSMA derived arsenic to the upper level
of background range and comparing these with MFE guidelines
In top 5 cm after 1 years use to calculate 10 cm figures numbers can be halved
Mg AS/kg stands for milligrams of total arsenic/ hectare
Effect of runoff from a 10 % slope into a ditch
Median background arsenic levels used instead of upper arsenic levels
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assumptions (for example, taking into account all potential exposure pathways) and a
typical exposure period of at least 30 years mean that these guideline values are also
sufficient to protect against short-term risk. Natural levels of soil arsenic are below
residential guidelines for the majority of soils in New Zealand.
The modelling in Table D2 shows that the 1 year figures for Scenario 1 and 2 are below
the agricultural and standard residential guidelines. By year 5 under both scenarios
arsenic levels are above that 30 mg/kg that is unacceptable for agricultural land and
standard residential land. This is a worst case scenario and assumes that all of the
arsenic is held in the top 5cm of soils and no dissipation occurs.
It is difficult with the current understanding of arsenic transformations in the soil to
calculate definitive figures however it is possible to model a range of scenarios to
illustrate the potential range of impact. Accordingly figures have been calculated using
the following assumptions:
the depth of soil the arsenic will be received by (5 or 10cm), and
either no dissipation (where all arsenic will remain in the soil) or a half life of 10
years where 50% of the arsenic is lost every 10 years.
These figures can be added to representative environmental levels and the results
compared with the MFE guidelines. The results of this modelling are summarised in
Table D3.
Table D3: Scenario 1 modelling results for total soil arsenic in relation to MFE guidelines
Soil
arsenic
levels in

Worst case
All arsenic in top 5cm
No dissipation

Top 10 cm
No dissipation

Top 5cm
10 yr half life

Top 10 cm
10 yr half life

1 year

17 mg/kg

14.5 mg/kg

17 mg/kg

14.5 mg/kg

5 year

38 mg/kg

25 mg/kg

35 mg/kg

22 mg/kg

30 year

165 mg/kg

89 mg/kg

89 mg/kg

150
years

825 mg/kg

412 mg/kg

89 mg/kg

43

45 mg/kg
50 mg/kg

Where
Soils arsenic level below MFE guidelines allowing all land uses

No shading

Soil arsenic levels exceed standard residential and agricultural land use high
density residential, park land and commercial use allowed.
Soil arsenic levels exceed high density residential guidelines park land and
commercial buildings still allowed
Soils arsenic levels higher than all MFE guidelines area contaminated

43

Figures include 12 mg/kg for background levels added to figures from appendix c which show 150
years of use are required to reach maximum soil levels.
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The worst case scenario 30 year figure for scenario one shows that arsenic levels will
exceed high density urban residential by 65% and safe levels for commercial buildings
(500mg/kg) within 91 years making the land unsuitable for any land use and likely
subject to remediation as a contaminated site.
Consequences of increased soil arsenic levels
City and regional councils (including unitary authorities) are responsible for authorising
subdivisions and changes in land use. In particular, they are responsible for controlling
land uses to prevent or mitigate any adverse effects of the development, subdivision or
use of contaminated land. When considering resource consents for subdivisions, or any
change in land use, territorial authorities are responsible for ensuring that the land is
suitable for its new intended purpose. One aspect of suitability is that any residual
contaminant concentrations in the soil are acceptable for residential development from a
human health perspective. To confirm that the land is safe for people, the territorial
authority may require the applicant provide proof that the land is not contaminated.
30 year modelling figures for scenario one indicate long term use of MSMA would
prevent the land being used for agricultural purposes or residential subdivision for either
standard or high density residential housing (this classification includes usage as day
care centres, preschools and primary schools). These figures will however fall below
the guidelines for park land and commercial activities indicating that MSMA use will
not impact on future recreational activities within a 30 year time frame. It is noted that
the guidelines for parks (200mg/kg) have been adopted from the Australian National
Environmental Protection Council and these are due for review by MFE and the
establishment New Zealand specific figures. (Nick Kim pers Comm) Should the new
guideline levels be reduced the future use of areas treated with MSMA may be further
restricted.
In considering the increase in soil arsenic levels interesting comparisons can be drawn
with the levels found around old sheep dip sites. The use of arsenic in sheep dips
commenced in the 19th Century and was banned in 1979. These sites are of concern to
territorial authorities and severely contaminated sites are subject to remedial work.
Arsenic levels at old sheep dip sites have been recorded up to 3500 mg/kg immediately
around the dip. Figures decrease with distance from the dip. For example an
Environment Waikato (EW) case study of a site on the outskirts of Hamilton showed
levels of up to 2560 mg/kg at the dip site and levels of 14–125 mg/kg 10 metres from
the dip. These soil levels were considered by EW as concerning. ―The contamination
gradually decreased with distance from the dip, but samples at 10 m still had significant
residues (arsenic 14–125 mg/kg, mean 50 mg/kg);‖
The actual site of old sheep dips will have received considerably more arsenic than will
be applied to a site being treated with MSMA. However the arsenic received will have
dropped rapidly with distance. The EW figures quoted are within the range predicted by
environmental modelling and are regarded by EW as being significant.
Effect on arsenic levels in water
Groundwater Unlike soils 10.2% of groundwater sites tested in New Zealand exceeds
the maximum levels for human consumption (0.01 mg/1). All scenarios modelled other
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than the first year for scenario 1 result in ground water levels that exceeds the drinking
water guidelines. Once the upper environmental arsenic levels are added all scenarios
exceed the human drinking guidelines but none exceed safe levels for livestock water.
Freshwater The water in ditches, rivers, ponds and lakes is derived from a combination
of run off and groundwater sources. Of these ditches and small ponds are likely to be
most influenced by runoff. Accordingly Table D2 considers the arsenic levels of water
in an open ditch that receives runoff from a 10% slope. As with the groundwater
calculations arsenic levels are predicted that would be above the human drinking water
guidelines and below the livestock guidelines.
Consequences of increased water arsenic levels
There will be no consequences from the use MSMA on the ability to use water for
livestock under either scenario. However a single years use for either scenario will
result in the human guidelines being exceeded This figure will cause concern for
MSMA use in rural areas where neighbours adjacent to golf courses access their
drinking water from underground bores or streams that run through the golf course.
This can easily be overcome by changing the household supply from bore to roof water
collected in a tank.
Costs involved in the change would total a one off cost of $5350
Would include site preparation for the tank estimated at $1000
Electrical and plumbing work to move the pump from the bore to the tank etc
$1000
Price of a tank for example 5500 gallon tank delivered $3350
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1

PURPOSE
1.1

The purpose of this report is, for the Environmental Risk Management
Authority New Zealand (ERMA New Zealand) reassessment of
monosodium methanearsonate (MSMA), to:
review the toxicology
review the HSNO Classifications 6 and 8
propose AOEL(s)

1.2

The key aspects to extract from the overseas regulatory reviews are:
type of study
species/strain
endpoint
remarks - findings (adverse effects)
GLP/Guideline
reference (including date of original source)
reliability
justification
with any data gaps or endpoints with insufficient data clearly identified.

1.3

The scope of the context used to form this assessment is confined to the
documents listed in the Reference section of this document, the time
constraints, the professional experience of the author, and the date this
document was issued.

1.4

The assessment constitutes the whole document and the reference sources,
and should only be used as a whole.

1.5

In spite of all care taken, the reference material should be directly
consulted to check the veracity of data, opinions and other material used
and attributed in this document.

1.6

No responsibility will be taken for misuse of this document, or use by
third parties.
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2

SUBSTANCE IDENTIFICATION

IUPAC name:

Sodium hydrogen methylarsonate

Chemical name (CAS):

Methanearsonic acid, monosodium salt

Common name:

Monosodium methylarsonate

CAS Registry number:

2163-80-6

Molecular formula:

CH4AsO3.Na;

Molecular weight:

161.94

Structural formula:

IUPAC name:

Methanearsonic acid

Chemical name (CAS):

Monomethylarsonic acid

Common name:

Methanearsonic acid

CAS Registry number:

124-58-3

Molecular formula:

CH5AsO3

Molecular weight:

139.97

Structural formula:
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3

TOXICOLOGICAL HAZARD PROFILE – INTRODUCTION

Monosodium methanearsonate (MSMA) is an organic arsenical herbicide that readily
dissociates in water to monomethylarsonic acid (MMA), the toxic moeity in situations
of direct exposure to the substance, such as during use. The main focus of this review is
therefore MSMA and MMA and related organic arsenic compounds. However, after
use MSMA can undergo metabolism in the environment with conversion to usually
more toxic inorganic arsenical forms. The review therefore also, where necessary,
considers the contribution for inorganic arsenic. Inorganic arsenic (inorganic As) in
contaminated soil may be of significance in any exposure of re-entry workers, residents
of spray-drift affected properties and individuals using treated turf. Also, inorganic As
may also be of toxicological significance from consumption of contaminated drinking
water.
Arsenic can exist in several oxidation states. MSMA (and closely related MMA)
contains pentavalent arsenic. Other arsenic compounds may be pentavalent (AsV) [e.g.
-3

-

arsenates, AsO4 ] or trivalent (AsIII) [arsenites, AsO2 ]. The trivalent arsenites tend to
be more toxic than pentavalent compounds (ATSDR, 2007). Reduced forms of arsenic
also exist but are not likely to occur in accessible parts of the environment. Although,
MSMA which is the subject of the ERMA New Zealand reassessment contains
pentavalent arsenic, metabolism or chemical reaction can give rise to other forms of
arsenic as a result of its use. In general, the speciation of arsenic has not been
considered in this risk assessment for the same reasons detailed by ATSDR in their
review as follows:
 in most cases, the differences in the relative potency are reasonably small
(about 2–3-fold), often within the bounds of uncertainty regarding NOAEL
or LOAEL levels;
 different forms of arsenic may be interconverted, both in the environment
and the body; and
 in many cases of human exposure (especially those involving intake from
soil), the precise chemical speciation is not known (ATSDR, 2007).
A further complication noted by ATSDR is that most animal models are less susceptible
to the effects if inorganic As than humans. Some particularly significant toxic effects
noted in people after chronic exposure (e.g. effect on the nervous system,
haematological effect and increased cancer rates for skin, lungs, bladder and kidney in
particular) not being seen in animal models even at equivalent or higher doses.
MSMA/MMA has moderate to low acute toxicity via the oral, dermal, and inhalation
routes. MSMA/MMA is a moderate eye irritant, a mild dermal irritant, but not a skin
sensitiser.
In most species, including humans, ingested MMA undergoes limited metabolism, does
not readily enter cells, and is mainly excreted unchanged in the urine. This is in contrast
to inorganic As, which undergoes sequential reduction and methylation reactions
leading to the formation of MMA and DMA (dimethylarsinic acid, which is also
pentavalent). A complicating factor is that this conversion produces both MMA, DMA
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and the trivalent monomethyl arsonous acid, MMA(III) and dimethyl arsonous acid,
DMA(III).. Inorganic As(V) is readily reduced to inorganic As(III), which is taken up
by the cell. Within the cell (primarily in the liver), As(III) is methylated to form
MMA(V), which is reduced to MMA(III); MMA(III) subsequently undergoes oxidative
methylations to form DMA(V). DMA(V) is the primary excretion product in humans
from inorganic arsenic.
The target organs following oral exposure to MSMA/MMA are the gastrointestinal
tract, particularly the large intestine, and the kidney. These effects are more sensitive
than toxicities noted in other studies, including developmental and reproductive toxicity
and neurotoxicity. Results of developmental and reproductive toxicity studies provided
no indication of increased susceptibility in the foetus or neonates relative to adults.
There were no reports of genotoxicity in vivo for MSMA or MMA. These was limited
evidence of genotoxicity in vitro, which was countered by negative results in other test
systems, but the database is not that extensive.
MMA is classified by the US EPA (2006a & 2006b) as ―no evidence for
carcinogenicity‖ based on the lack of evidence of carcinogenicity in rats and mice. The
closely-related mammalian metabolite dimethylarsonic acid (DMA) is classified by the
US EPA (2006a & 2006b) as ―not carcinogenic up to doses resulting in regenerative
proliferation.‖ Exposure to DMA has a threshold, below which no carcinogenic
response is to be expected. The carcinogenicity seen in laboratory species is a
consequence of chronic irritation, not via a genotoxic mechanism. The combined
chronic/carcinogenicity testing of MMA in laboratory species would have adequately
assessed the carcinogenic potential of any DMA produced from the metabolism of
MMA in these animal models.
In contrast, the environmental metabolite inorganic arsenic (inorganic As) is classified
by the US EPA (2006a & 2006b) as a ―human carcinogen.‖
Soluble inorganic arsenic is acutely toxic, and ingestion of large doses leads to
gastrointestinal symptoms, disturbances of cardiovascular and nervous system
functions, and eventually death. In survivors, bone marrow depression, haemolysis,
hepatomegaly, melanosis, polyneuropathy and encephalopathy may be observed
(WHO, 2001).
Long-term exposure to arsenic in drinking-water is causally related to increased risks of
cancer in the skin, lungs, bladder and kidney, and produces other skin changes such as
hyperkeratosis and pigmentation changes (WHO, 2001).
While some discussion of the toxic effects of inorganic As have been included, for
much of the risk assessment from the use of MSMA exposure is most likely to be
predominantly to the organic forms of arsenic. Only when considering exposure to
residual arsenic contamination of soil and water is it appropriate for the toxic effects of
inorganic As to be taken into account, as it is in these situations where, over time,
significant conversion of the organic arsenic to inorganic As may occur.
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4

ABSORPTION, DISTRIBUTION, METABOLISM AND ELIMINATION (ADME)

4.1

Absorption:

Oral
Both volunteer (human) and animal studies have been reported:
Based on urinary excretion studies in human volunteers, it appears that both MMA and
DMA are well absorbed (at least 75–85%) across the gastrointestinal tract (Buchet et al.
1981a; Marafante et al. 1987b). This is supported by studies in animals, where at least
75% absorption has been observed for DMA (Marafante et al. 1987b; Stevens et al.
1977; Vahter et al. 1984; Yamauchi and Yamamura 1984) and MMA (Hughes et al.
2005; Yamauchi et al. 1988). In mice, the relative bioavailability of MMA appears to be
dose-dependent; 81% was absorbed following a single gavage dose of 0.4 mg
MMA/kg/day compared to 60% following administration of 4 mg MMA/kg/day
(Hughes et al. 2005) (Originals not sighted; ATSDR, 2007; WHO, 2001).
Roberts et al. (2007) studied the extent of oral absorption of arsenic from contaminated
soil samples in adult male cynomolgus monkeys. The arsenic was present in several,
mainly inorganic forms. The relative oral bioavailability (RBA) ranged from 5-31% for
14 soil samples from 12 different sites, with an inverse relationship to the amount of
iron sulphate also present. [Arsenic contaminated soils can provide information on
availability from spray-drift affected soils.]
Yang et al. (2002 & 2005) indicated that the reduction in bioavailability occurring with
aging in soils predominantly took place over the first three months in the soils they
examined.
However, in situations where re-entry workers, residents of spray-drift affected
properties and individuals using treated turf may be exposed to MSMA contaminated
soil, the extent of aging and hence bioavailability would be unknown. Therefore, TCL
recommends that the highest reported value (100%) should be used to evaluate the
worst-case risk when no aging has occurred.
Conclusion:
Based on the current available data package, TCL assumes oral absorption of MSMA at
100% for occupational health risk modelling, and 100% from arsenic-contaminated soil.

Inhalation
Limited human and animal studies have been reported:
No quantitative data concerning the respiratory deposition and absorption of
organoarsenicals are available for humans or laboratory animals. However, increased
urinary excretion of arsenic during the work week with a return to baseline levels on
weekends in workers spraying the herbicide monosodium methanearsonate indicates
that respiratory absorption of organoarsenicals can occur under occupational exposure
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conditions (Abdelghani et al., 1986) (Originals not sighted; WHO, 2001). This also
indicates that the organic arsenic is relatively rapidly excreted.
DMA instilled in the lungs of rats was absorbed very rapidly (half-time of 2.2 minutes)
and nearly completely (at least 92%) (Stevens et al. 1977). This indicates that organic
arsenicals are likely to be well absorbed by the inhalation route (Originals not sighted;
ATSDR, 2007).
Conclusion:
Based on the current available data package, TCL assumes inhalation absorption of
MSMA at 100% for occupational health risk modelling. (This is the default assumption
for all pesticide active ingredients in for use of the BBA model.)
Dermal
As the skin is the main route of exposure to pesticides for individuals involved in
application and bystanders, dermal (or percutaneous) absorption factors can have a
marked effect on systemic exposures that result.
WHO (2001) reported:
No data concerning the dermal absorption of organoarsenicals in humans were located,
but both in vivo and in vitro dermal absorption data have been reported for arsenical
herbicides in laboratory animals (WHO, 2001).
Rahman & Hughes (1994), in an in vitro study using clipped dorsal skin of B6C3F1
mice, found that a constant fraction of the dose (~ 12.4%) in water vehicle was absorbed
during a 24-h period over the entire applied dose range (10–500 µg) for both the
monosodium and disodium salts of monomethylarsonate, and that this was unaffected
by vehicle volume. Percutaneous absorption of the arsenical herbicides from soil was
very low (< 1%) (Originals not sighted; WHO, 2001).
Shah et al. (1987) studied the in vivo percutaneous absorption of MMA in young (33day-old) and adult (82-day-old) Fischer 344 rats. Three levels of compound (MMA [as
the monosodium salt]: 16.4, 98.6 and 496 µg/cm2 were applied in an aqueous vehicle,
and absorption over 72 h was determined. The young animals absorbed significantly
less. The total percutaneous absorption (mean of all doses) was 15.1 and 3.01% of the
recovered dose in old and young rats, respectively (Originals not sighted; WHO, 2001).

Lowney et al. (2007) studied the extent of dermal absorption of arsenic [speciation not
stated, but assumed to be largely as complex mineral (inorganic) forms] from
contaminated soil samples in rhesus monkeys. The mean estimated arsenic absorption
was 0.5% or less for all soils, and all individual estimates were less than 1%. The
authors put the results into context, thus:
―… evaluations indicate that percutaneous absorption of arsenic from soil ranges
from 3.2 to 4.5% of the dermally applied dose, based on studies of arsenic freshly
mixed with soil … Prior characterization research has indicated that the solubility
[aqueous extraction to simulate availability for possible dermal absorption] of
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arsenic in soil varies, depending on the provenance of the soil, the source of the
arsenic, and the chemical interaction of arsenic with other minerals present within
the soil matrix. Weathering produces forms of arsenic that are more tightly bound
within the soil and less available for absorption.‖
However, in situations where re-entry workers, residents of spray-drift affected
properties and individuals using treated turf may be exposed to MSMA contaminated
soil, the extent of aging and hence bioavailability would be unknown. As aging
progresses, studies indicate that the extent of bioavailability of arsenic will reduce
further. Therefore the highest reported value (4.5%) should be used to evaluate the
worst-case risk when no aging has occurred.
Conclusion:
Based on the current available data package, TCL assumes dermal absorption of MSMA
at 15% for operator and bystander health risk modelling with direct contact with
MSMA, and 4.5% from arsenic-contaminated soil for re-entry worker and resident
health risk modelling.

4.2

Distribution:

WHO (2001) & ATSDR (2007) reported:
Yamauchi et al. (1988) reported the time-course distribution of MMA and DMA in
whole blood and plasma after a single oral dose of 50 mg MMA/kg body weight in
hamsters. MMA concentration in blood peaked at 6 h after dosing, and thereafter
declined to control values at 120 h. Distribution of MMA was similar between plasma
and erythrocytes through 12 h, but then more tended to be associated with blood cells.
DMA levels in plasma peaked at 12 h, but there was no significant change in inorganic
or trimethylated arsenic in blood of control compared to dosed hamsters (Originals not
sighted; WHO, 2001).
Studies concerning the fate of organoarsenicals in human blood are almost totally
lacking. After ingestion of 10 µg/kg b.w. of trimethylarsenic (98.8% by analysis,
presumably arsenobetaine) in prawns, trimethylarsenic levels were approximate 2.5-fold
higher in plasma than in erythrocytes at 2 h after ingestion in the single subject studied.
Levels declined thereafter and were at background by 24 h (Yamauchi & Yamamura,
1984b) (Originals not sighted; WHO, 2001).
In mice, MMA is rapidly distributed throughout the body with peak tissue
concentrations occurring between 0.25 and 4 hours after administration of a single
gavage dose of 0.4 or 4 mg MMA/kg b.w.(Hughes et al. 2005). The peak levels of
MMA in the bladder, kidneys, and lungs were higher than blood, with the highest levels
occurring in the bladder. The terminal half-lives of MMA were 4.2–4.9 hours in the
liver, lung, and blood, 9.0 hours in the urinary bladder, and 15.9 hours in the kidney in
mice dosed with 0.4 mg MMA/kg b.w.; similar half-lives were measured in the 4.0 mg
MMA/kg b.w. mice. Two hours after dosing, most of the methylated arsenic in the
tissues was in the form of MMA (Originals not sighted; ATSDR, 2007).
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Long-term pharmacokinetic studies are generally lacking for organoarsenicals, but
Jaghabir et al. (1994) have performed such a study in New Zealand white rabbits
administered multiple oral doses of MMA as the monosodium salt (MSMA). The
limitation of this study is that only total arsenic was measured. Rabbits were given an
oral dose of 5 mg MSMA/kg b.w., 4 days a week for 4 weeks, with serial sacrifices at 2
weeks and 4 weeks after the start of exposure and then 1 week and 2 weeks after
exposure ended. Significant accumulation of arsenic was observed in muscle and fur
after 4 weeks of exposure with significant clearance of arsenic from muscle 1 week after
exposure ended, but no significant clearance from fur after 2 weeks of no exposure.
Levels of arsenic in kidney were significantly higher than liver at both 1 and 2 weeks
after the end of exposure, but the levels in kidney and liver did not differ greatly during
exposure (Originals not sighted; WHO, 2001).
Tissue distribution data in humans are derived from limited studies in which human
volunteers have ingested 74As-labelled organoarsenicals. Brown et al. (1990) reported
that arsenobetaine is rapidly and widely distributed in soft tissues with no major
concentration in any region or organ and that greater than 99% of tracer activity was
eliminated from the body within 24 days. Similar studies were unavailable for other
organoarsenicals (Originals not sighted; WHO, 2001).

4.3

Metabolism:

WHO (2001), US EPA (2006c) & ATSDR (2007) reported:
Studies by Yamauchi et al. (1988) demonstrate that MMA undergoes in vivo
methylation to dimethylated and trimethylated products, but that methylation is not
extensive. After a single oral dose of 5, 50 or 250 mg/kg b.w. MMA, hamsters excreted
respectively 8.4, 1.4 and 0.4% of the dose as DMA and respectively 1.9, trace, and <
0.1% of the dose as trimethyl arsenic compound in urine. Most of the absorbed MMA
was excreted unchanged in urine and this did not differ significantly with dose. There
was no evidence that MMA was demethylated in these studies. Similar findings were
reported by Hughes & Kenyon (1998) for female B6C3F1 mice administered MMA
intravenously. After a single intravenous injection of 0.6 or 60 mg As/kg b.w. MMA,
respectively 72.5 ± 4.2 and 77.7 ± 14.1% of the dose was excreted as MMA and
respectively 8.1 ± 1.5 and 2.2 ± 0.7% was excreted as DMA in urine within 24 h. The
decrease in DMA excretion with increasing dose that was observed in both hamsters
and mice after MMA administration could be due to either dose-dependent saturation or
inhibition of MMA methylation (Hughes & Kenyon, 1998) (Originals not sighted;
WHO, 2001).
In contrast to rats, mice exposed to a single dose of 40 mg As/kg b.w. as MMA excreted
89.6% of the dose as MMA, 6.2% as DMA, and 1.9% as trimethylarsine oxide (TMAO)
(Hughes et al. 2005) (Originals not sighted; ATSDR, 2007).
On the basis of limited data from controlled ingestion studies, it appears that MMA is
metabolized to a similar extent in laboratory animals and humans. Buchet et al. (1981a)
reported that after a single oral dose of MMA (500 µg As), 87.4% of the total
metabolites excreted in urine in 4 days were in the form of MMA and 12.6% were in the
form of DMA (Originals not sighted; WHO, 2001).
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US EPA (2006c) summarised the metabolism of MMA(V) thus:

4.4

Elimination:

WHO (2001) & ATSDR (2007) reported:
Total (urine + faecal) elimination of MMA is quite rapid in hamsters, with 80-97.5% of
the dose eliminated within 48 h of a single oral dose. Absorbed MMA is predominantly
eliminated in faeces (46-61%) and less in urine (28-39%) as the parent compound in
contrast to DMA, TMA and TMAO that are predominantly eliminated via the urine.
Limited data from studies where multiple dose levels were used (Yamauchi et al., 1988;
Hughes & Kenyon, 1998) suggest that urinary elimination is also dose-independent, i.e.
the percentage of the dose eliminated in urine does not change with increasing or
decreasing dose level (Originals not sighted; WHO, 2001).
No studies were identified which directly addressed the issue of biliary elimination of
any organoarsenicals. However, given the relatively low amounts of MMA excreted in
the faeces (4–9% of the dose) after intravenous administration to mice (Hughes &
Kenyon, 1998), it seems unlikely that biliary excretion or other gastric secretory
processes contribute significantly to total elimination. Interestingly, however, Hughes &
Kenyon (1998) found that the percentage of the dose eliminated in faeces was dosedependent when MMA was administered intravenously to mice (Originals not sighted;
WHO, 2001).
In common with laboratory animals, humans appear to eliminate orally administered
MMA and DMA predominantly in urine. Buchet et al. (1981a) reported that an average
of 78.3% and 75.1% of a single oral dose (500 µg As) of MMA and DMA, respectively,
was eliminated in urine of human volunteers within a 4-day period. Arsenic ingested in
seafood, most probably in the form of arsenobetaine, is predominantly and rapidly
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eliminated in urine (69-77%). It is worthy of note that the percentage of the dose
eliminated in urine after ingestion of arsenic in seafood is quite similar to that seen in
laboratory animals dosed orally with arsenobetaine. No studies were identified that
specifically addressed the issue of biliary excretion or other routes of elimination for
organoarsenicals in humans (Originals not sighted; WHO, 2001).
Yamauchi et al. (1990) calculated the biological half-lives after oral administration of
organoarsenicals to hamsters from many studies conducted in their laboratory. They
reported half-times of 7.4 h for MMA, 5.6 h for DMA, 5.3 h for TMAO, 3.7 h for TMA
and 6.1 h for arsenobetaine. No studies that specifically investigated the retention and
turnover of organoarsenicals in humans were identified (Originals not sighted; WHO,
2001).

The US EPA in their paper on DMA (2006c) concluded that:
 In vivo metabolism studies in animals and humans indicate important
differences in the metabolism of iAsV, MMAV, and DMAV.
―The general features of the metabolic pathway for iAs [inorganic arsenic] are
similar in many mammals including rodents and humans. However, there are
important differences between the efficiency of the methylation and reduction
steps dependent on which chemical is administered orally. When exposed to iAs,
urine in humans typically contains 10-20% iAs, 10-20% MMA, and 60-80%
DMA. However, when arsenic enters the pathway as MMAV or DMAV it is
rapidly excreted mainly as the parent organic arsenical without further
methylation in the urine of mice and humans. Studies performed in rodents
indicate that this pathway is predominately one way in that little or no
demethylation of MMAV and DMAV occurs so that there would be little to no iAs
[inorganic As] present when exposed to an organic arsenical.‖
 In vitro studies provide, in part, a basis for the differences noted in the in
vivo studies--- poor cellular uptake and limited metabolism of MMA V and
DMAV.
―Cellular uptake of iAsIII and/or iAsV has been shown to be greater than cellular
uptake for MMAV and DMAV. Reduction of iAsV occurs at a greater rate in vitro
than reduction of MMAV and DMAV. MMAIII is methylated at a higher rate
compared to MMAV.‖
 Mixture of toxic metabolites possibly generated after exposure to iAs is
more complicated than that of DMAV.
―The ultimate carcinogenic metabolite(s) is not known for iAs— the parent iAs
and each of the toxic metabolite products [iAsV, iAsIII, MMAV, MMAIII, DMAV,
DMAIII, and TMAO)] may contribute to the final health outcome. The potential
for interaction of these metabolites in vivo has not been described and is not
known. The internal mixture of metabolites following exposure to DMAV is
simpler, leading to fewer metabolites.‖
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―In conclusion, ingested DMAV (or MMAV) as the parent compound is not
toxicologically equivalent to endogenously generated methylated arsenicals from
iAs exposure. Although human data obviate the need for interspecies
extrapolation in risk assessment, and thus represent valuable information to dose
response assessment, epidemiological data are lacking for DMAV. Given the
kinetic and dynamic differences following exposure to iAs versus DMAV, rodent
(specifically the rat bladder tumors) data specific to direct DMAV oral exposure is
considered to provide a more suitable model for estimating potential cancer risk to
humans. The rat can undergo the methylation and reduction steps involved in
DMA metabolism like humans. There are, however, quantitative differences
between rats and humans. Thus, important quantitative kinetic differences
between these two species need to be addressed and characterized in the risk
assessment.‖
Conclusion relating to ADME for MSMA (and MMA) exposures
TCL concludes that MSMA/MSA is readily absorbed, and metabolised to only a small
extent in the human body, so most of it is excreted unchanged in urine or as the
dimethyl derivative (DMA). Only a small proportion is converted to inorganic arsenic
in the body. Nevertheless, inorganic arsenic will need to be taken into account in the
review of MSMA/MSA to take account of conversion of organic arsenic to inorganic
arsenic in the environment.
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5

ACUTE ORAL 6.1

5.1

HSNO CLASSIFICATION

CLASS 6.1 (oral)
Classification: Acute oral - 6.1C
KEY STUDY:
 Type of study:

LD50;

 Species:

Rabbit;

 Strain:

New Zealand white;

 Test material:

MMA (monosodium salt) [purity unstated];

 Endpoint:

LD50 = 102 mg/kg b.w. in males;

 Remarks:

General weakness and decreased activity, appetite and
urine volume were observed in all of the dosed animals.
The urine was discoloured in all treated animals and
several had diarrhoea. The cause of death in these animals
was not determined;

 GLP:

No information;

 Test Guideline:

No information;

 Reference source: Jaghabir MTW, Abdelghani A & Anderson AL (1988)
―Oral and dermal toxicity of MSMA to New Zealand white
rabbits. Oryctalagus cuniculus.‖ Bull Environ Contam
Toxicol, 40: 119–122. (Original not sighted.) (WHO,
2001);
 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:

Jaghabir et al. (1988) is not stated to have been conducted
to GLP or Test Guidelines. In comparison to the HSNO
classification thresholds, the LD50 value cited above
support a 6.1C (oral) classification for MSMA/MMA
(ERMA New Zealand, 2008, 10-7).
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BACKGROUND:
In the USEPA reassessment, LD50 = 2449 mg/kg (F); 3184 mg/kg (M); 2833 mg/kg
(Combined) are reported for formulations containing MSMA technical and give
Toxicity Category III (MRID 45405601 Gur, E.; Nyska, A. (1990) Target MSMA 6.6:
Acute Oral Toxicity Study in Rats: Final Report: Lab Project Number:
PAL/024/MSMA. Unpublished study prepared by Life Science Research Israel Ltd. 55
p.; original not sighted in USEPA, 2006a).
ATSDR (2007) reported the same figures as USEPA for MSMA in Sprague-Dawley
rats (Gur & Nyska, 1990; original not sighted in ATSDR, 2007).
Rabbits appeared to be more sensitive than rats. TCL has supported classification on
the basis of the rabbit value, because: (a) the rabbit is more sensitive than rat (the usual
test species for acute classifications); and, (b) the rabbit appears to have a closer
metabolic profile to humans than rats (e.g. rats sequester arsenic in their erythrocytes;
ATSDR, 2007).
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6

ACUTE DERMAL 6.1

6.1

HSNO CLASSIFICATION

CLASS 6.1 (dermal)
Classification: Acute dermal - No
KEY STUDY:
 Type of study:

LD50;

 Species:

Rabbit;

 Strain:

No information;

 Test material:

Formulation containing technical MSMA;

 Endpoint:

>2000 mg/kg b.w.;

 Remarks:

No information;

 GLP:

No information;

 Test Guideline:

US EPA OPPTS 81-2;

 Reference source: MRID 41890001.
2006a);

(Original not sighted.)

(USEPA,

 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:

In comparison to the HSNO classification thresholds, the
LD50 value cited above support no classification (dermal
route) for MSMA/MMA (ERMA New Zealand, 2008, 107). In the USEPA reassessment was given Toxicity
Category III (MRID 41890001; original not sighted in
USEPA, 2006a).

BACKGROUND:
No additional information identified.
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7

ACUTE INHALATION 6.1

7.1

HSNO CLASSIFICATION

CLASS 6.1 (inhalation)
Classification: Acute inhalation - 6.1D
KEY STUDY:
 Type of study:

LC50 (4h, head-only); mist;

 Species:

Rat;

 Strain:

No information;

 Test material:

Formulation containing technical MSMA;

 Endpoint:

2.2 mg/L;

 Remarks:

No information;

 GLP:

No information;

 Test Guideline:

US EPA OPPTS 81-3;

 Reference source: MRID 42604601.
2006a);

(Original not sighted.)

(USEPA,

 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:

In comparison to the HSNO classification thresholds, the
LC50 value cited above supports a 6.1D (inhalation)
classification for MSMA/MMA as a dust/mist (ERMA
New Zealand, 2008, p10-7). In the USEPA reassessment
was given Toxicity Category III (MRID 42604601;
original not sighted in USEPA, 2006a).

BACKGROUND:
WHO (2001) reported LC50 (2h) = 3.7 mg/L in rats (M/F) and = 3.1 in mice (M/F) for
Ansar 8100 (80.1% disodium salt of MMA) (Stevens et al., 1979; original not sighted in
WHO, 2001).
ATSDR (2007) reported the same data (Stevens et al., 1979) as WHO (2001), but
attributes the lower figures to DMA and the higher to DSMA (the disodium salt of
MMA).
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The ATSDR (2007) summarised the adverse effects of respiratory exposure to
MSMA/MMA as:
Respiratory distress was also observed in rats and mice exposed to high levels (≥6,100
mg/m3) of the disodium salt of MMA (Stevens et al. 1979), although none of the MMAexposed animals died. Respiratory distress appears to be associated with inhalation of
very high concentrations of organic arsenicals.
In 5-minute whole-body plethysmography trials, the disodium salt of MMA had RD50
(concentration calculated to produce a 50% decrease in respiration rate) value of 1,540
mg/m3 (Stevens et al. 1979). Based on this RD50 value, MMA is not considered to be a
potent respiratory irritant. (Originals not sighted; ATSDR, 2007).
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8

SKIN IRRITATION 6.3 & CORROSION 8.2

8.1

HSNO CLASSIFICATION

CLASS 6.3 (skin irritation)
Classification: Skin irritation - No
KEY STUDY:
 Type of study:

Primary dermal irritation;

 Species:

Rabbit;

 Strain:

No information

 Test material:

Technical disodium salt of MMA;

 Endpoint:

Skin reactions (erythaema and oedema);

 Remarks:

Slight Irritant;

 GLP:

No information;

 Test Guideline:

US EPA OPPTS 81-5;

 Reference source: MRID 41892008.
2006a);

(Original not sighted.)

(USEPA,

 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:

In the USEPA reassessment was given Toxicity Category
IV (MRID 41892008; original not sighted in USEPA,
2006a). Toxicity Category IV would imply that the mean
Draize score was less than the minimum threshold as
stated in Section 11.2 of the User Guide to the Thresholds
and Classifications in the HSNO Act (ERMA, 2008)

BACKGROUND:
WHO (2001) reported ―mild‖ irritation for MMA (Jaghabir et al., 1988; original not
sighted in WHO, 2001).
ATSDR (2007) reported that ―Application of an unspecified amount of MMA to the
skin of rabbits was reported to result in mild dermal irritation in a Draize test (Jaghabir
et al. 1988). No dermal irritation was reported in rabbits repeatedly exposed to 1,000 mg
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MMA/kg/day 5 days/week for 21 days (Margitich and Ackerman 1991a)‖ (Originals not
sighted; ATSDR, 2007).
Note: ERMA New Zealand previous classified MSMA/DMA as 6.3A on the basis of
―Irritant‖ Peoples, et al.; Vet. Hum. Toxicol. 21 (6): 417-21 (1979) [HSDB]‖. TCL has
proposed no classification on the basis of the more authoritative information now
available.
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9

EYE IRRITATION 6.4 & CORROSION 8.3

9.1

HSNO CLASSIFICATION

CLASS 6.4 (eye irritation)
Classification: Eye irritation – 6.4A
KEY STUDY:
 Type of study:

Primary eye irritation;

 Species:

Rabbit;

 Strain:

No information

 Test material:

Formulation containing technical MSMA;

 Endpoint:

Ocular reactions (irritation of the cornea, iris and
conjunctiva);

 Remarks:

Reversible
conjunctival
formulation);

 GLP:

No information;

 Test Guideline:

US EPA OPPTS 81-4;

 Reference source: MRID 43840901.
2006a);

irritation

(unspecified

(Original not sighted.)

(USEPA,

 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:

In the USEPA reassessment was given Toxicity Category
III – a ―moderate‖ irritant (MRID 43840901 Brown, J.;
Hastings, M. (1995) MSMA-SG: Primary Eye Irritation
Test in Rabbits: Lab Project Number: 558353: 12408A.
Unpublished study prepared by Inveresk Research
International. 28 p. (Original not sighted; USEPA, 2006a).
Toxicity Category III implies that the mean Draize score
was more than the minimum threshold as stated in Section
12.2 of the User Guide to the Thresholds and
Classifications in the HSNO Act (ERMA, 2008).
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BACKGROUND:
WHO (2001) reported the there was no recent information on irritation or sensitization
from exposure to organic arsenic in laboratory animals.
Note: ERMA New Zealand previous classified MSMA/DMA as 6.4A on the basis of
―Irritant‖ Peoples, et al.; Vet. Hum. Toxicol. 21 (6): 417-21 (1979) [HSDB]‖.
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10

RESPIRATORY SENSITISATION 6.5A

10.1

HSNO CLASSIFICATION

CLASS 6.5 (respiratory sensitisation)
Classification: Respiratory sensitisation – Insufficient data
KEY STUDY:
None.
BACKGROUND:
No appropriate studies or other relevant data were reported by US EPA (2006a), WHO
(2001) or ATSDR (2007) in their reassessments of MSMA.
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11

CONTACT SENSITISATION 6.5B

11.1

HSNO CLASSIFICATION

CLASS 6.5 (contact sensitisation)
Classification: Contact sensitisation – Insufficient data
KEY STUDY:
 Type of study:

No information;

 Species:

Guinea pig;

 Strain:

No information;

 Endpoint:

Skin reactions (erythema and oedema);

 Remarks:

No information;

 GLP:

No information;

 Test Guideline:

US EPA OPPTS 81-6;

 Reference source: MRID 41890002. (Original not sighted.) (USEPA,
2006a);
 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:

In the USEPA reassessment was categorised as a ―non
sensitizer‖ (MRID 41890002; original not sighted in
USEPA, 2006a). The ―non sensitizer‖ category implies
that any skin reactions were less than the minimum
threshold as stated in Section 13.2 of the User Guide to the
Thresholds and Classifications in the HSNO Act (ERMA,
2008).

Overall conclusion
The animal data do not support classification. Although the EPA concluded the
substance was not a sensitiser on the basis of the above animal data, the human
exposure information below (and in Section 25) suggests some sensitisation in humans.
There is some uncertainty as to whether or not MSMA was responsible for some of the
reports of allergic symptoms in humans after exposure to organic arsenical herbicides,
so ―insufficient data‖ is available to support classification.
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BACKGROUND:
WHO (2001) reported the there was no recent information on irritation or sensitization
from exposure to organic arsenic in laboratory animals.
ATSDR (2007) noted that contact dermatitis has been reported in workers involved in
the application of an organic arsenical herbicide, which was a mixture of DMA and its
sodium salt (Peoples et al. 1979) (Originals not sighted; ATSDR, 2007).
Support for sensitization to DMA is provided in a case report of a 26-year-old woman
who was occupationally exposed to DMA and experienced eczema on her face
(Bourrain et al. 1998). Patch testing confirmed an allergic reaction to DMA, and
avoidance of DMA resulted in disappearance of the symptoms. No studies were located
regarding immunological or lymphoreticular effects in animals after dermal exposure to
organic arsenicals (Originals not sighted; ATSDR, 2007).
The US EPA (2006a) noted:
There are reported MSMA and DSMA … Other reports described effects such as
systemic allergic symptoms, nausea, dizziness, and eye irritation for both agricultural
and non-agricultural uses. From the limited information available, systemic allergic
reactions and eye irritation are the most common types of effects seen. (US EPA,
2006a)
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12

MUTAGENICITY 6.6

12.1

HSNO CLASSIFICATION

CLASS 6.6 (mutagenicity)
Classification: Mutagenicity – Insufficient data
KEY STUDY:
As the classification for mutagenicity is based on the total weight of evidence available,
there is no single key study.
The minimum degrees of hazard criteria for mutagenicity lists a hierarchy of evidence
(study types): mutagenic effects as a result of mammalian in vivo exposure; genotoxic
effects as a result of mammalian in vivo exposure, with mutagenic effects as a result of
in vitro exposure; and, mutagenic effects as a result of in vitro exposure of mammalian
cells, and the substance has a structure-activity relationship to known germ cell
mutagens.
The ATSDR reported that in vitro studies with MMA did not find significant increases
in the occurrence of chromosome aberrations, forward or reverse mutations,
unscheduled DNA synthesis (Chun and Killeen 1989a, 1989b, 1989c, 1989d) (Originals
not sighted; ATSDR, 2007).

Genotoxicity of MMA
Chemical form

Species (test
system)

End point

Results

Reference

With
activation

Without
activation

-ve

-ve

Prokaryotic organisms (in vitro):
MMA

Salmonella
typhimurium

Gene mutation

Chun and
Killeen 1989c1
MRID
416519022

MSMA

MSMA

MSMA

MSMA
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Salmonella
typhimurium
TA100

Gene mutation
(preincubation)

Salmonella
typhimurium
TA1535

Gene mutation
(preincubation)

-ve (hamster)

Salmonella
typhimurium
TA97

Gene mutation
(preincubation)

-ve (hamster)

Salmonella
typhimurium
TA98

Gene mutation
(preincubation)

February 2009

-ve (rat)

-ve

Zeiger et al,
19884

-ve

Zeiger et al,
19884

-ve

Zeiger et al,
19884

-ve

Zeiger et al,
19884

-ve (hamster)
-ve (rat)

-ve (rat)

-ve (rat)
-ve (hamster)
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Eukaryotic organisms (in vitro):
MMA

MMA

Chinese
hamster ovary
celss

Chromosome

-ve

-ve

Chun and
Killeen 1989a1
MRID
416519032

Forward
mutation

-ve

-ve

Chun and
Killeen 1989b1
MRID
416519042

Forward
mutation
(suspension
plate)

No data

+ve

Moore et al,
19974

aberrations

Mouse
lymphoma
cells
+/-

(L5178Y/TK
)
MSMA

Mouse
lymphoma
cells
+/-

(L5178Y/TK
)
MMA

Rat heptocytes

Unscheduled
DNA synthesis

No data

-ve

Chun and
Killeen 1989d1
MRID
416519052

MMA

Human
umbilical cord
fibroblasts

Chromosomal
aberrations

No data

+ve

Oya-Ohta et al.
19961 3

MMA

Chinese
hamster V79
cells

Tetraploids
and mitotic
arrest

No data

+ve

Eguchi et al.
19971 3

-ve: negative result
+ve: positive result
1

Originals not sighted; ATSDR, 2007

2

Originals not sighted: US EPA, 2006a & 2006b: studies stated to be Acceptable and to Guideline

3

Originals not sighted: WHO, 2001

4

Originals not sighted: CCRIS, 1999

No in vivo genotoxicity studies with MSMA or MMA were reported by WHO (2001),
US EPA (2006b), CCRIS (1999) or ATSDR (2007). However, WHO (2001) and
ATSDR (2007) reported several for DMA:
In vivo Genotoxicity of DMA
Chemical form

Species (test
system)

End point

Results

Reference

With
activation

Without
activation

Eukaryotic organisms (in vivo):
DMA

Rat (oral
exposure)

DNA singlestand breaks in
lung

No data

+ve

Yamanaka and
Okada 19941

DMA

Mouse (oral
exposure)

DNA singlestand breaks in
tissues

No data

+ve

Yamanaka et
al. 1989b1 3
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DMA

Mouse (oral
exposure)

DNA singlestand breaks in
lung

No data

+ve

Yamanaka et
al. 19931 3

DMA

Mouse (oral
exposure)

DNA singlestand breaks in
lung

No data

-ve

Yamanaka et
al. 1989a1

DMA

Mouse (oral
exposure)

DNA adduct
formation

No data

+ve

Yamanaka et
al. 20011 3

DMA

Mouse
(injection)

Aneuploidy in
bone marrow
cells

No data

+ve

Kashiwada et
al. 19981

-ve: negative result
+ve: positive result
1

Originals not sighted; ATSDR, 2007

3

Originals not sighted: WHO, 2001

Justification:
Weight of evidence: There were no reports of genotoxicity in vivo [chromosomal effect
assays (mouse micronucleus test, mammalian bone marrow cytogenetic test, mouse
dominant lethal assay)] for MSMA or MMA, but with limited evidence of genotoxicity in
vitro. Oncogenicity testing in rats and mice were negative for carcinogenic potential.
In vitro effects were confined to the induction of forward mutations, clastogenetic and
mitotic effects in mammalian cells.
Structural activity relationships and comparisons with MMA(III) and DMA indicate
that a ―No‖ Classification for MSMA may not be robust given the lack of direct
evidence. MMA(III) is stated to be potently genotoxic in vitro (ATSDR, 2007).
The proposed classification as ―insufficient data‖ is consistent with the USEPA (2006b)
position. This review is focused on organic arsenic. The positive finding for trivalent
forms of inorganic As, produced only in small amounts from the organic arsenic
compounds, is not considered sufficient to drive a classification.

BACKGROUND:
The ATSDR (2007) concluded that:
―Collectively, in vitro and in vivo genotoxicity assays have demonstrated that
arsenics [compounds] cause single strand breaks, formation of
apurinic/apyrimidinic sites, DNA base and oxidative base damage, DNA-protein
crosslinks, chromosomal aberrations, aneuploidy, sister chromatid exchanges, and
micronuclei. Chromosomal aberrations, characterized by chromatid gaps, breaks
and fragmentation, endoreduplication, and chromosomal breaks, are dosedependent and arsenite is more potent than arsenate. Both MMAIII and DMAIII
are directly genotoxic and are many times more potent than arsenite at inducing
DNA damage. Inorganic arsenic can potentiate the mutagenicity observed with
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other chemicals, although arsenic itself does not appear to induce point mutations.
Arsenic-induced genotoxicity may involve oxidants or free radical species.‖
(ATSDR, 2007).
The US EPA (2006b) concluded that:
―The acceptable genetic toxicology studies indicate that MAA is not mutagenic in
bacteria (Salmonella typhimurium) or cultured mammalian cells (Chinese hamster
ovary). Similarly, MMA did not induce unscheduled DNA synthesis (UDS) in
primary rat hepatocytes.‖ (US EPA, 2006b).
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13

CARCINOGENICITY 6.7

11.1

HSNO CLASSIFICATION

CLASS 6.7 (carcinogenicity)
Classification: Carcinogenicity – No
KEY STUDY:
 Type of study:

Rat combined, chronic toxicity and carcinogenicity;

 Species:

Rat;

 Strain:

Fischer F344;

 Test material:

MMA [source & purity unstated];

 Dose levels:

0, 50, 40 or 1300 ppm (approximately 0, 3, 30, 95 mg/kg
bw/day, reduced to 1000 ppm (approx. 73 mg/kg bw/day)
in week 53 and to 800 ppm (approx. 54 mg/kg bw/day) in
week 60 due to high mortality in males);

 Endpoint:

Clinical signs, mortality, body weight gain, food
consumption, clinical chemistry, haematology or urinary
parameters, organ weight, gross/microscopic abnormalities
and tumour incidences;

 Remarks:
The primary target organ for MMA-induced toxicity in rats
was the large intestine. Toxicity was more severe in male rats compared to
female rats. The maximum tolerated dose for chronic dietary administration of
MMA in rats was assessed as 400 ppm, and the no effect level with regard to
intestinal toxicity was assessed as 50 ppm for rats. There were no treatmentrelated neoplastic effects detected in the rat.
 NOAEL = 50 ppm (3.2 mg/kg/day for males and 3.8 mg/kg/day for females)
 LOAEL = 400 ppm (27.2 mg/kg/day for males and 32.9 mg/kg/day for
females) based on decreased body weights, body weight gains, food
consumption, histopathology of gastrointestinal tract and thyroid.
Dosing was considered adequate
 GLP:

No information;

 Test Guideline:

US EPA OPPTS 870.4300;
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 Reference source: Crown, S., Nyska, A., & Waner, T. (1990).
―Methanearsonic Acid: Combined Chronic Feeding and
Oncogenicity Study in the Rat: Final Report‖: Lab Project
Number: PAL/004/MAA. Unpublished study prepared by
Life Science Research Israel Ltd. pp. 1878. MRID no.
41669001 (Original not sighted in US EPA, 2006c);
Arnold et al. (2003) ―Chronic studies evaluating the
carcinogenicity of monomethylarsonic acid in rats and
mice.” Toxicology. 2003 Aug 28;190(3):197-219.
(Abstract only sighted.) (ATSDR, 2007);
[Note: Arnold et al. (2003) summarised the same data (US EPA, 2006c).]
 Reliability:

Klimisch score 2 = reliable with restrictions;

KEY STUDY:
 Type of study:

Mouse oncogenicity study;

 Species:

Mouse;

 Strain:

B6C3F1;

 Test material:

MMA [source & purity unstated];

 Dose levels:

0, 10, 50, 200 or 400 ppm (0, 1.2, 6.0, 24.9, and 67.1 mg
MMA/kg/day (males) and 0, 1.4, 7.0, 31.2, and 101 mg
MMA/kg/day (females));

 Endpoint:

Clinical signs, mortality, body weight gain, food
consumption, clinical chemistry, haematology or urinary
parameters, organ weight, gross/microscopic abnormalities
and tumour incidences;

 Remarks:
The primary target organ for MMA-induced toxicity in
mice was the large intestine. The maximum tolerated dose for chronic dietary
administration of MMA in mice was assessed as 400 ppm, and the no effect
level with regard to intestinal toxicity was assessed as 50 ppm for female mice
and 200 ppm for male mice. There were no treatment-related neoplastic effects
detected in the mouse.
 GLP:

No information;

 Test Guideline:

US EPA OPPTS;

 Reference source: Gur, E., Pirak, M., & Waner, T. (1991). ―Methanearsonic
Acid: Oncogenicity Study in the Mouse‖: Lab Project
Number: PAL/023/MAA. Unpublished study prepared by
Life Science Research Israel Ltd. 1680 p. MRID no.
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42173201 (Original not sighted in US EPA, 2006c);
Arnold et al. (2003) ―Chronic studies evaluating the
carcinogenicity of monomethylarsonic acid in rats and
mice.” Toxicology. 2003 Aug 28;190(3):197-219.
(Abstract only sighted.) (ATSDR, 2007);
[Note: Arnold et al. (2003) summarised the same data (US EPA, 2006c).]
 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:
Crown et al. (1990) and Gur et al. (1991) were conducted
to Guidelines. The Classification is supported by USEPA position, and the
results of other available studies.
Overall conclusion
Carcinogenicity bioassays for MMA itself in both rats and mice in these key studies are
negative, supporting the conclusion that there should be no classification for 6.7. Note
that the carcinogenicity of inorganic As is discussed in Section 4, as this is relevant to
consideration of arsenic in the environment from use of MSMA/MMA.

BACKGROUND:
Cal DPR also reviewed the rat study by Crown et al. (1990):
―** 044 091665, "Combined Chronic Feeding and Oncogenicity Study in the
Rat", (S. Crown, A. Nyska, T. Waner, Life Science Research Israel Ltd., LSRI
Project No. PAL/004/MAA, 7/18/90).
Methanearsonic acid (MAA, purity = 98.4 - 98.8%, Lot #: 107/84) was
administered in feed at concentrations of 0 (untreated), 50, 400, or 1300 ppm to
60 Fischer rats/sex/group for 2 years. The 1300 ppm dosage was reduced (US
EPA approval) to 1000 ppm during week 53 and further reduced to 800 ppm
during week 60 due to mortality. CHRONIC NOEL = 50 ppm/day (Reduced body
weight with increased food consumption was observed in both sexes at the high
dose. Increased water consumption and diarrhea were observed at > 400 ppm in
both sexes. The pH of urine in males at 24 months was significantly decreased at
the high dose throughout the study. Liver and kidney weights in females (%
bodyweight) increased at > 400 ppm (with accompanying clinical chemistry).
Pathological changes, accompanied by histopathology were observed in the large
intestine (cecum, rectum, colon) and in the thryoid at > 400 ppm in both sexes.)
ONCOGENICITY NOEL = 50 ppm/day (Parathyroid adenomas were observed at
an increased rate in males at > 400 ppm and in females at the high dose. Clinical
chemistry effects on calcium (females) and phosphorous (males) support these
findings.) ACCEPTABLE. (Kishiyama & Silva, 1/25/91).‖ (CalDPR, 1991).
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ATSDR reviewed a rat study (Shen et al., 2003) in which MMA (up to 8.4 mg MMA/kg
bw/day) was administered in the drinking water for up to 2 years. The authors
summarised their findings:
―No significant differences were found between the control and the MMA(V)treated groups regarding clinical signs, mortality, hematological, and serum
biochemistry findings. Quantitative analysis of glutathione S-transferase placental
form (GST-P) positive foci in liver revealed a significant increase of numbers and
areas in the 200 ppm MMA(V)-treated group. In the urinary bladder MMA(V)
induced simple hyperplasia and significantly elevated the proliferating cell nuclear
antigen (PCNA)-positive index in the urothelium. A variety of tumors developed
in rats of all groups, including the controls, but all were histologically similar to
those known to occur spontaneously in F344 rats and there were no significant
differences among the groups.‖ (Abstract only sighted.) (ATSDR, 2007)

The ATSDR (2007) provided a more detailed analysis of the Gur et al. (1991) data, as
the ATSDR in contrast to the authors considered the progressive glomerulonephropathy
in male mice to be a treatment-related effect.
―In the Arnold et al. (2003) study (incidence data reported in Gur et al. 1991),
groups of 52 male and 52 female B6C3F1 mice were exposed to 0, 10, 50, 200, or
400 ppm of MMA in the diet for 104 weeks. The average doses reported in Gur et
al. (1991) were 0, 1.2, 6.0, 24.9, and 67.1 mg MMA/kg/day for males and 0, 1.4,
7.0, 31.2, and 101 mg MMA/kg/day for females. Body weights, food
consumption, and water intake were monitored regularly. Blood was taken at 3, 6,
12, 18, and 24 months for white cell counts. At sacrifice, complete necropsies
were performed, including histological examination of at least 13 organs. No
treatment-related increases in mortality were observed. Significant decreases in
body weights were observed in males and females exposed to 67.1 or 101 mg
MMA/kg/day, respectively; at week 104, the males and females weighed 17 and
23%, respectively, less than controls. Food consumption was increased in females
exposed to 101 mg MMA/kg/day, and water consumption was increased in 67.1
mg MMA/kg/day males and 31.2 and 101 mg MMA/kg/day females. Loose and
mucoid feces were noted in mice exposed to 67.1/101 mg MMA/kg/day. No
changes were seen in white cell counts of either sex. Small decreases in the
weights of heart, spleen, kidney, and liver weights were observed in some
animals, but the decreases were not statistically significant. Squamous metaplasia
of the cecum, colon, and rectum was observed at 67.1/101 mg MMA/kg/day. The
incidence of metaplasia in the cecum, colon, and rectum were 29/49, 14/49, and
39/49 in males and 38/52, 17/52, and 42/52 in females; metaplasia was not
observed in other groups of male or female mice. An increased incidence of
progressive glomerulonephropathy (incidence of 25/52, 27/52, 38/52, 39/52, and
46/52 in the 0, 1.2, 6.0, 24.9, and 67.1 mg MMA/kg/day males, respectively) was
observed in males; the incidence was significantly higher (Fisher Exact Test) than
controls at ≥6.0 mg MMA/kg/day. Significant increases in the incidence of
nephrocalcinosis was observed in the males at 24.9 and 67.1 mg MMA/kg/day
(Fisher Exact Test) (incidences of 25/52, 30/52, 30/52, 45/52, and 45/51 in males
and 0/52, 1/52, 1/52, 2/52, and 5/52 in females). A reduction in the incidence of
cortical focal hyperplasia in the adrenal gland of male mice exposed to 67.1 mg
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MMA/kg/day was possibly related to MMA exposure; the toxicological
significance of this effect is not known. Thus, this study identifies a NOAEL of
1.2 mg MMA/kg/day and a LOAEL of 6.0 mg MMA/kg/day for progressive
glomerulonephropathy in male mice.‖

The US EPA (2006c) summarised the carcinogenic potential of inorganic and organic
arsenicals in relation to their risk assessment of DMA thus:
―However, the ultimate carcinogenic metabolite(s) has not yet been identified for
iAs. Each of the arsenical metabolites exhibits its own spectrum of toxicities and
potencies. The degree to which the toxic metabolites interact at the site of action
is unknown. The degree to which this internal mixture of metabolites impacts the
final health outcome is not known. Thus, the contribution of DMAV to the
carcinogenic potency of iAs in humans can not be quantified reliably.
Furthermore, humans tend to excrete more MMA in urine compared to other
mammals. It is notable that MMAIII is generally more cytotoxic compared to the
other metabolites, including DMAIII in some in vitro systems.
―Chen et al. (2003) observed a significant statistical interaction between
cumulative arsenic exposure and the ratio of DMA/MMA in urine in relation to
risk of bladder cancer in a Taiwanese cohort exposed to iAs in drinking water,
especially when duration of exposure was considered. Specifically, those with
bladder cancer tended to exhibit a lower ratio of DMA/MMA compared to those
without bladder cancer suggesting that higher levels of MMA urine may be
associated with bladder cancer.
―In conclusion, ingested DMAV (or MMAV) as the parent compound is not
toxicologically equivalent to endogenously generated methylated arsenicals from
iAs exposure. Although human data obviate the need for interspecies
extrapolation in risk assessment, and thus represent valuable information to dose
response assessment, epidemiological data are lacking for DMAV. Given the
kinetic and dynamic differences following exposure to iAs versus DMAV, rodent
(specifically the rat bladder tumors) data specific to direct DMAV oral exposure is
considered to provide a more suitable model for estimating potential cancer risk to
humans. The rat can undergo the methylation and reduction steps involved in
DMA metabolism like humans. There are, however, quantitative differences
between rats and humans. Thus, important quantitative kinetic differences
between these two species need to be addressed and characterized in the risk
assessment.‖ (US EPA, 2006c)
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REPRODUCTIVE TOXICITY 6.8

12.1

HSNO CLASSIFICATION

CLASS 6.8 (reproductive toxicity)
Classification: Reproductive toxicity – No
KEY STUDY:
 Type of study:

Rat 2-generation reproductive study;

 Species:

Rat;

 Strain:

No information;

 Test material:

MMA [source & purity unstated];

 Dose levels:

0, 100, 300, or 1000 ppm. F0: 5.8, 17.8, and 63.5
mg/kg/day, respectively, for males and 7.5, 22.5, and 77.6
mg/kg/day for females. F1: 6.5, 21.1, and 75.8 mg/kg/day,
respectively, for males and 7.9, 25.4, and 88.6 mg/kg/day
for females;

 Endpoint:

Toxicity and fertility parameters (insemination, fertility
and gestation indices, and gestation period), the number of
pups at birth, the number of still born pups, the ratio of
male:female pups, litter size, the lactation index and pup
birth weight;

 Remarks:
No alterations in sperm parameters were observed in male
rats exposed to 76 mg MMA/kg/day for at least 14 weeks. Decreases in
pregnancy rate and male fertility index were observed in F0 and F1 rats
exposed to 76 mg MMA/kg/day for 14 weeks prior to mating and during the
mating, gestation, and lactation periods (Schroeder 1994). In the F0 animals,
the pregnancy rate and male fertility index were not statistically different from
controls; however, the values were below historical controls and the
investigators considered the effect to be treatment-related. In the F1 animals,
the male fertility index was statistically different from controls but the
pregnancy rate was not; both parameters were within the range found in
historical controls.
Parental NOAEL = 100 ppm for males and 300 ppm for females.
Parental LOAEL = 300 ppm for male rats and 1000 ppm for female rats based
on increased food consumption with decreased body weight gain along with
whole litter loss.
Reproductive NOAEL = 300 ppm.
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Reproductive LOAEL > 300 ppm.
Offspring NOAEL = 100 ppm.
Offspring LOAEL = 300 ppm based on increased pup death (day 0-21),
reduced litter survival index, and decreased lactation index related to whole
litter loss.
 GLP:

No information;

 Test Guideline:

US EPA OPPTS 870.3800;

 Reference source: Schroeder, R. (1994) ―A Two-Generation Reproduction
Study in Rats with Methanearsonic Acid (MAA): Final Report‖: Lab Project
Number: 91/3668. Unpublished study prepared by Pharmaco LSR, Inc. 1954 p.
Unpublished. (Original not sighted; US EPA 2006a & 2006b; ATSDR, 2007);
 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:
Schroeder (1994) was carried out to Guideline. Based on
the adverse effects seen in the chronic rat study at similar doses, the adverse
effects seen in the reproductive toxicity study were most likely due to
significant parental toxicity rather than specific sensitivity to reproductive
parameters.
Overall conclusion
In the rat study conducted in accordance with test guidelines, reproductive toxicity with
MMA itself was only seen at maternally toxic doses.

BACKGROUND:
The ATSDR (2007) reported the following reproductive toxicity studies for
MSMA/MMA:
No histological alterations in male or female reproductive tissues were observed
in laboratory animals following exposure to MMA (Arnold et al. 2003) and no
alterations in sperm parameters were observed in male rats exposed to 76 mg
MMA/kg/day for at least 14 weeks (Schroeder 1994). However, some functional
alterations have been reported in animals exposed to MMA. A decrease in estrus
was observed in dogs exposed to 35 mg MMA/kg/day for 52 weeks (Waner and
Nyska 1988); decreases in body weight gain (terminal body weight was 59%
lower than controls) were also observed at this dose level and the effect may have
been secondary to systemic toxicity. Decreases in pregnancy rate and male
fertility index were observed in F0 and F1 rats exposed to 76 mg MMA/kg/day for
14 weeks prior to mating and during the mating, gestation, and lactation periods
(Schroeder 1994). In the F0 animals, the pregnancy rate and male fertility index
were not statistically different from controls; however, the values were below
historical controls and the investigators considered the effect to be treatmentrelated. In the F1 animals, the male fertility index was statistically different from
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controls but the pregnancy rate was not; both parameters were within the range
found in historical controls, but the investigators considered the effect to be
treatment-related due to the consistency of the findings in the F0 and F1 animals.
Impaired fertility, as evidenced by a decreased number of litters, was observed in
male mice dosed with MSMA (119 mg/kg/day) during a 19-day mating period
with unexposed females (Prukop and Savage 1986); the poor reporting of the
study protocol and results precludes drawing conclusions from this study.
(Originals not sighted; ATSDR, 2007).
The US EPA (2006b) summarised their findings thus:
―Results of reproductive toxicity studies with MMA indicate that effects on
reproductive performance occur only high doses, higher than those resulting in
gastrointestinal and kidney effects. In the reproductive toxicity study, whole litter
loss was noted in the 300 ppm (F2 generation only) and 1000 ppm dose groups (F1
and F2; approximately 21.2 mg/kg/day and 75.8/88.6 mg/kg/day, respectively). At
doses similar to those used in the reproductive toxicity study, in the chronic rat
toxicity study, beginning at week 4-5, diarrhea was observed in all rats at 1000
ppm and in 27/60 males and 45/60 females of the 400 ppm groups. The
observations in the chronic rat study suggest that the rats in the reproductive
toxicity study may have experienced significant toxicity. There are two literature
studies (Lopez and Judd, 1979; Prukop and Savage, 1986) which observed
reproductive performance in mice. These studies provide information regarding
overall characterization, but are not useful for dose-response assessment due to
the sparsity of information provided and high doses used. For example, Lopez and
Judd (1979) observed smaller nest building in mice exposed to 477 ppm of
MSMA in tap water for 14 days. In the oncogenicity study with mice,
histopathology of the large intestine and kidney was noted at a dose lower (200
ppm) than used by Lopez and Judd (1979). In a different study, Prukop and
Savage (1986) performed a one-generation reproduction study in mice using doses
that are approximately 5- and 50-fold higher than the point of departure selected
by EPA for use in risk assessment for chronic dietary and short/intermediate-term
incidental oral exposure. (Originals not sighted in US EPA 2006b).
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DEVELOPMENTAL TOXICITY 6.8

13.1

HSNO CLASSIFICATION

CLASS 6.8 (developmental toxicity)
Classification: Developmental toxicity – No
KEY STUDY:
 Type of study:

Rat teratogenicity study;

 Species:

Rat;

 Strain:

Sprague-Dawley;

 Test material:

MMA [source & purity unstated];

 Dose levels:

0, 10, 100 or 500 mg/kg bw/day;

 Endpoint:

Appearance, behaviour, mortality, food consumption, and
body weight gain of the dams, reproduction parameters,
embryotoxicity, foetotoxicity or teratogenicity.;

 Remarks:
Decreased fetal weights and an increased incidence of
fetuses with incomplete ossification of thoracic vertebrae were observed in the
offspring of rats administered via gavage 500 mg MMA/kg/day on gestational
days 6–15; no developmental effects were observed at 100 mg MMA/kg/day.
Decreases in maternal body weight gain were observed at 100 and 500 mg
MMA/kg/day.
Maternal toxicity NOAEL = 10 mg/kg/day.
Maternal toxicity LOAEL = 100 mg/kg/day, based on decreased body weight
gain and food consumption.
Developmental toxicity NOAEL= 100 mg/kg/day.
Developmental toxicity LOAEL = 500 mg/kg/day, based on decreased mean
fetal body weight.
 GLP:
 Test Guideline:

No information;
US EPA OPPTS 870.3700a;

 Reference source: Mizens, M.; Killeen, J. (1990) ―A Teratology Study in
Rats with Methanearsonic Acid: Lab Project Number: 89-3456: 89-0130. Unpublished study prepared by Bio/dynamics Inc., in cooperation with Ricerca,
Inc. 490 p.‖
Unpublished; Irvine L, Boyer IJ, DeSesso JM. 2006.
Monomethylarsonic acid and dimethylarsenic acid: Developmental toxicity
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studies with risk assessment. Birth Defects Res B Dev Reprod Toxicol 77:5368. (Originals not sighted; US EPA 2006a & 2006b; ATSDR, 2007);
[Note: Irvine et al. (2006) summarised the same data (ATSDR, 2007).]
 Reliability:

Klimisch score 2 = reliable with restrictions;

KEY STUDY:
 Type of study:

Rabbit teratogenicity study;

 Species:

Rabbit;

 Strain:

New Zealand White;

 Test material:

MMA [source & purity unstated];

 Dose levels:

0, 1, 3, 7 and 12 mg MMA/kg bw/day;

 Endpoint:

Appearance, behaviour, mortality, food consumption, and
body weight gain of the dams, reproduction parameters,
embryotoxicity, foetotoxicity or teratogenicity;

 Remarks:
Increases in the number of fetuses with supernumerary
thoracic ribs and eight lumbar vertebrae were observed in the offspring of
rabbits administered to 12 mg MMA/kg bw/day on gestational days 7–19
(Irvine et al. 2006); the investigators noted that these effects were probably
secondary to maternal stress.
Maternal toxicity NOAEL = 7 mg/kg/day.
Maternal toxicity LOAEL = 12 mg/kg/day, based on decreased body weight,
food consumption (during the dosing period), and abortions.
Developmental toxicity NOAEL = 7 mg/kg/day.
Developmental toxicity LOAEL = 12 mg/kg/day, based abortions and on an
increased incidence of skeletal variations (increased numbers of 13th thoracic
vertebra with ribs and 8th lumbar vertebra).
 GLP:

No information;

 Test Guideline:

US EPA OPPTS 870.3700b;

 Reference source: Rubin, Y. (1986) ―Methanearsonic Acid: Teratology Study
in the Rab- bit‖: PAL/006/MSM. Unpublished study prepared by Life Science
Research Israel Ltd. 170 p.; Irvine L, Boyer IJ, DeSesso JM. 2006.
―Monomethylarsonic acid and dimethylarsenic acid: Developmental toxicity
studies with risk assessment.‖ Birth Defects Res B Dev Reprod Toxicol 77:5368. (Originals not sighted; US EPA 2006a & 2006b; ATSDR, 2007);
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[Note: Irvine et al. (2006) summarised the same data (ATSDR, 2007).]
 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:
Mizens & Killeen (1990) and Rubin (1986) were
conducted to Guideline. The adverse effects noted appear consistent with
significant maternal toxicity, with no evidence of paricular developmental
sensitivity.
Overall conclusion
In both the rat and rabbit studies which were conducted in accordance with test
guidelines, developmental effects with MMA itself were only seen at maternally toxic
doses. The positive findings in some earlier studies, cited by WHO, were not
considered sufficiently robust to support classification.

BACKGROUND:
The ATSDR (2007) reported the following reproductive toxicity studies for
MSMA/MMA:
―The developmental toxicity of organic arsenicals has been investigated in rats
and rabbits for MMA. Decreased fetal weights and an increased incidence of
fetuses with incomplete ossification of thoracic vertebrae were observed in the
offspring of rats administered via gavage 500 mg MMA/kg/day on gestational
days 6–15; no developmental effects were observed at 100 mg MMA/kg/day
(Irvine et al. 2006). Decreases in maternal body weight gain were observed at 100
and 500 mg MMA/kg/day. A decrease in pup survival was observed in F1 and F2
offspring of rats exposed to 76 mg MMA/kg/day (Schroeder 1994); although pup
survival was not statistically different from controls, the investigators considered
the effect to be biologically significant because survival in the MMA pups was
outside the lower range of survival in historical controls. Increases in the number
of fetuses with supernumerary thoracic ribs and eight lumbar vertebrae were
observed in the offspring of rabbits administered to 12 mg MMA/kg/day on
gestational days 7–19 (Irvine et al. 2006); the investigators noted that these effects
were probably secondary to maternal stress.‖ (Originals not sighted; ATSDR,
2007).
The US EPA (2006b) summarised their findings thus:
―There is no quantitative or qualitative evidence of increased susceptibility of rats
or rabbit fetuses to in utero exposure in available developmental toxicity studies.
In the rabbit developmental toxicity study, developmental variations were
observed at doses similar to those resulting in maternal toxicity. These
developmental effects included an increased incidence of skeletal variations in the
numbers of 13th thoracic vertebra with ribs and 8th lumbar vertebra at 12
mg/kg/day. At 12 mg/kg/day, abortions in two rabbits were attributed to decreased
body weight gain (mean -75% compared to control). The maternal toxicity
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LOAEL is 12 mg/kg/day, based on decreased body weight, food consumption
(during the dosing period), and abortions. The maternal toxicity NOAEL is 7
mg/kg/day. The developmental NOAEL is 7 mg/kg/day. In the rat developmental
toxicity study, developmental effects were observed at doses greater than
maternally toxic doses. In the rat developmental toxicity study, the developmental
NOAEL of 100 mg/kg/day is based on decreased fetal body weight observed at
500 mg/kg/day. The maternal NOAEL of 10 mg/kg/day is based on decreased
body weight gains and food consumption observed at 100 and 500 mg/kg/day.‖
(Originals not sighted in US EPA 2006b).
The WHO (1990) reported some earlier studies:
A single intravenous administration of MMA (disodium salt) on day 8 of gestation
at dose levels of 20–100 mg/kg elicited a low resorption rate ( 10%) in pregnant
hamsters (Willhite, 1981). The disodium salt of MMA (500 mg/kg) is less toxic
after intraperitoneal administration than DMA, with 6–21% of the litters resorbed.
Fetal growth was retarded after administration of MMA on days 9, 10 or 12.
MMA (disodium salt, 20–100 mg/kg) induced a low percentage of malformations
( 6%) after intravenous administration on day 8 of gestation in pregnant hamsters
(Willhite, 1981). The effects were characterized by fused ribs and renal agenesis.
MMA did not cause maternal toxicity after intravenous administration in these
animals. (Originals not sighted in WHO, 1990).
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REPRODUCTIVE OR DEVELOPMENTAL TOXICITY ON OR VIA LACTATION 6.8C

14.1

HSNO CLASSIFICATION

CLASS 6.8 (reproductive or developmental effects on or via lactation)
Classification: Reproductive or developmental effects on or via lactation –
Insufficient data
KEY STUDY:
The key study is the 2 generation rat study summarised above.
Conclusion re laction effects
In relation to lactation effects, TCL notes there is reference to effects on litter survival
and reduced lactation indices, however, this was at dose levels at which significant
maternal toxicity was reported. The conclusion is there is insufficient data for
classification for effects via lactation.

BACKGROUND:
The potential adverse reproductive or developmental effects on or via lactation by
MSMA/MMA has not been specifically reported by national regulatory agencies.
The US EPA considered that the toxicity database was complete (US EPA, 2006a &
2006b).
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SPECIFIC TARGET ORGAN TOXICITY 6.9 (SINGLE DOSE – ORAL)

15.1

HSNO CLASSIFICATION

CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Single dose – oral) – No
KEY STUDY: None
 Justification: The gastrointestinal tract appears to be the critical target of
toxicity following oral exposure to MMA, but the LOAELs for rat appear to be
outside the threshold for 6.9 classification for single dose exposures in Table
17.1 of the User Guide (ERMA, 2008). While the effect level in the rabbit
studies are lower and could trigger in comparison with the thresholds, the
nature of the toxic effect is unclear from the summary available, it would need
to be more significant than diarrhoea to justify a classification. Reports
relating to human poisonings (see section 25) do not support a single dose
exposure classification either.

BACKGROUND:
The ATSDR (2007) summarised the adverse effects of exposure to single oral doses of
MSMA/MMA as:
The gastrointestinal tract appears to be the critical target of toxicity following oral
exposure to MMA. Diarrhea/loose feces has been reported in mice and rabbits
following a single gavage dose of 2,200 mg MMA/kg or 60 mg MSMA/kg,
respectively (Jaghabir et al. 1988; Kaise et al. 1989).
Animal studies have reported renal and urinary bladder effects following oral
exposure to organic arsenicals; the available data suggest that the urinary system
is a more sensitive target for DMA, than for MMA. A decrease in urine volume
was observed in rabbits following a single gavage dose of 30 mg MSMA/kg/day
(Jaghabir et al. 1988). However, these effects may be indicative of dehydration
due to diarrhea rather than a direct effect on the kidney.
Mice exhibited respiratory arrest after a single oral dose of 1,800 mg MMA/kg
(Kaise et al. 1989).
No adverse hematological effects were noted in a man who ingested 78 mg/kg as
dimethyl arsenic acid and dimethyl arsenate (Lee et al. 1995).
No adverse hepatic effects were noted after ingestion of 1,714 mg/kg MSMA or
78 mg DMA/kg (as dimethyl arsenic acid and dimethyl arsenate) in a suicide
attempt (Lee et al. 1995; Shum et al. 1995). No other studies of the hepatic effects
of organic arsenicals in humans were located.
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SPECIFIC TARGET ORGAN TOXICITY 6.9 (SINGLE DOSE – DERMAL)

16.1

HSNO CLASSIFICATION

CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Single dose – dermal) –
Insufficient data
KEY STUDY: None
 Justification: No studies were reported. Reports relating to human poisonings
(see section 25) do not support a single dose exposure classification either.

BACKGROUND:
The ATSDR (2007) summarised the adverse effects of exposure to single dermal doses
of MSMA/MMA as:
No studies were located that have associated respiratory, cardiovascular,
gastrointestinal, hematological, musculoskeletal, hepatic, renal, endocrine, ocular,
or body weight effects in humans or animals with dermal exposure to inorganic
[sic] [organic?] arsenicals. (Originals not sighted; ATSDR, 2007).
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SPECIFIC TARGET ORGAN TOXICITY 6.9 (SINGLE DOSE – INHALATION)

17.1

HSNO CLASSIFICATION

CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Single dose – inhalation) –
Insufficient data
KEY STUDY:
 Justification: No robust studies were reported.

BACKGROUND:
The ATSDR (2007) summarised the adverse effects of exposure to single inhalation
doses of MSMA/MMA as:
[ATSDR summary of respiratory effects is given under Section 6.1 (inhalation).]
Rats and mice exposed to very high levels (above 3,000 mg/m3) of MMA
(disodium salt) experienced diarrhea (Stevens et al. 1979). The diarrhea could be
due to transport of inhaled particulate material from the lungs to the
gastrointestinal system or to direct ingestion of the compound (e.g., from
grooming of the fur).
No studies were located regarding musculoskeletal effects in humans or animals
after inhalation exposure to organic arsenicals.
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SPECIFIC TARGET ORGAN TOXICITY 6.9 (REPEAT DOSE – ORAL)

18.1

HSNO CLASSIFICATION

CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Repeat dose – oral) – 6.9B
KEY STUDY:
 Type of study:

Dog 52-week dietary study;

 Species:

Dog;

 Strain:

Beagle;

 Test material:

MMA [source & purity unstated];

 Dose levels:

0, 2.5, 10 or 40 mg MMA/kg bw/day (week 1 only); 0, 2,
8 or 35 mg MMA/kg bw/day (week 2-52);

 Endpoint:

Clinical signs, mortality, body weight gain, food
consumption, clinical chemistry, haematology or urinary
parameters, organ weight, gross/microscopic abnormalities
and tumour incidences;

 Remarks:
Increases in the incidence of diarrhea has also been
observed in dogs administered via capsule 2 mg MMA/kg/day for 52 weeks;
the increased incidence of diarrhea started during weeks 25–28. Decreases in
body weight gain were observed following intermediate-duration exposure of
dogs to 8 mg MMA/kg/day. The decreases in body weight gain occurred at
doses that were associated with diarrhea and histological alterations in the
gastrointestinal tract.
A decrease in urine volume (35 mg MMA/kg/day) and an increase in urine
specific gravity (8 mg MMA/kg/day) were also noted.
A decrease in estrus was observed in dogs exposed to 35 mg MMA/kg/day for
52 weeks.
 NOAEL = 2 mg/kg/day.
 LOAEL = 8 mg/kg/day based on based on body weight gain and kidney
effects (organ weight and histopathology) in females.
 GLP:

No information;

 Test Guideline:

US EPA OPPTS 870.4200b;
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 Reference source: Waner, T.; Nyska, A. (1988) ―Methanearsonic Acid: Fiftytwo Week Chronic Oral Toxicity Study in Beagle Dogs‖: Document Number
PAL/MAA/022. Unpublished study prepared by Life Science Re- search Israel,
Ltd. 449 p.; Waner, T.; Nyska, A. (1988) ―Methanearsonic Acid Fifty-two
Week Chronic Oral Toxicity Study in Beagle Dogs‖: Doc. No. PAL/008/MAA.
Unpublished study prepared by Life Science Research Israel, Ltd. 48 p.
Unpublished. (Original not sighted.) (US EPA, 2006a & 2006b);
 Reliability:

Klimisch score 2 = reliable with restrictions;

KEY STUDY:
 Type of study: Rat combined; chronic toxicity and carcinogenicity;
 Reference source: Crown, S., Nyska, A., & Waner, T. (1990). ―Methanearsonic
Acid: Combined Chronic Feeding and Oncogenicity Study in the Rat: Final
Report‖: Lab Project Number: PAL/004/MAA. Unpublished study prepared by
Life Science Research Israel Ltd. pp. 1878. MRID no. 41669001 (Original not
sighted in US EPA, 2006c); Arnold et al. (2003) ―Chronic studies evaluating
the carcinogenicity of monomethylarsonic acid in rats and mice.” Toxicology.
2003 Aug 28;190(3):197-219. (Abstract only sighted.) (ATSDR, 2007);
See study summary in Section 13 Carcinogenicity 6.7.

Conclusion on Classification
The LOAELs (8 mg/kg bw/day for dogs and 27.2 mg/kg bw/day for male rats) are
below the threshold for 6.9B classification for repeat dose exposures in Table 17.2
of the User Guide (ERMA, 2008). These LOAELs are supported by:
104-week dietary mouse study: LOAEL = 40 mg/kg bw/day for females and 6
mg/kg bw/day for males; Gur et al. (1991);

BACKGROUND:
The ATSDR (2007) summarised the adverse effects of exposure to repeated oral doses
of MSMA/MMA as:
The gastrointestinal tract appears to be the critical target of toxicity following oral
exposure to MMA. Diarrhea/loose feces has been reported in rats exposed to 30.2
mg MMA/kg/day in the diet during the first year of a 2-year study (Arnold et al.
2003), dogs administered 2 mg MMA/kg/day via capsule for 52 weeks (Waner
and Nyska 1988), rats fed diets containing 25.7 mg MMA/kg/day for 2 years
(Arnold et al. 2003), and mice exposed to 67.1 mg MMA/kg/day in the diet for 2
years (Arnold et al. 2003). However, the increased incidence of diarrhea is not
always accompanied by macroscopic or histological alterations in the
gastrointestinal tissues. For example, in the 2-year rat study (Arnold et al. 2003;
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incidence data reported in Crown et al. 1990), an increased incidence of diarrhea
was observed at 25.7 mg MMA/kg/day; macroscopic or histological alterations
were observed in some animals, but the incidence was similar to controls. At the
next highest dose level (72.4 mg MMA/kg/day), thickened wall and edema and
hemorrhagic, necrotic, ulcerated, or perforated mucosa were observed in the large
intestine and significant increases in the incidence of squamous metaplasia of the
epithelial columnar absorptive cells were found in the cecum, colon, and rectum.
Squamous metaplasia was also observed in the cecum and colon of mice
chronically exposed to 67.1 mg MMA/kg/day (Arnold et al. 2003; incidence data
reported in Gur et al. 1991).
A decrease in urine volume (35 mg MMA/kg/day) and an increase in urine
specific gravity (8 mg MMA/kg/day) were observed in dogs administered MMA
via capsule for 52 weeks (Waner and Nyska 1988). However, these effects may be
indicative of dehydration due to diarrhea rather than a direct effect on the kidney.
In a 2-year study in rats (Arnold et al. 2003), an increase in the severity of
progressive glomerulonephropathy was observed in females at 33.9 mg
MMA/kg/day. Hydronephrosis, pyelonephritis, cystitis, and decreases in urine
volume and pH were also observed 72.4 mg MMA/kg/day; however, the
investigators noted that these lesions probably resulted from urinary tract
obstruction, which was secondary to peritonitis caused by gastrointestinal tract
ulcerations. An increased incidence of progressive glomerulonephropathy was
also observed in male mice exposed to ≥6.0 mg MMA/kg/day in the diet for 2
years (Arnold et al. 2003; incidence data reported in Gur et al. 1991); the
investigators (Gur et al. 1991) noted that the kidney lesions were consistent with
the normal spectrum of spontaneous lesions and that there were no differences in
character or severity of the lesions between the different groups.
ATSDR considers the progressive glomerulonephropathy in male mice (See
Arnold et al, 2003 under Section 13 Carcinogenicity 6.7) to be treatment-related,
whereas the [original] authors (Gur et al. 1991) considered them to be
spontaneous with no dose-response.
Histological examination of livers from rabbits given repeated oral doses of MMA
showed diffuse inflammation and hepatocellular degeneration (Jaghabir et al.
1989), but the lesions were not severe. Male rats exposed to a time-weighted
average (TWA) dose of 72.4 mg MMA/kg/day for 104 weeks showed a decrease
in absolute liver weight, while females exposed to 98.5 mg MMA/kg/day showed
histiocytic proliferation of the liver (Arnold et al. 2003); however, these effects
were probably due to a decrease in body weight and secondary complications of
perforation and ulceration of the gastrointestinal effect, respectively. Shen et al.
(2003) reported increases in and the number of GST-P-positive foci in the livers
of rats exposed to average concentrations of 8.4 mg MMA/kg/day in the diet for
104 weeks.
No respiratory effects were seen after intermediate or chronic oral exposure of
rats, mice, or dogs exposed to 35 mg MMA/kg bw/day (Waner and Nyska 1988).
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No cardiovascular effects were seen after intermediate or chronic oral exposure of
laboratory animals to 35–67.1 mg MMA/kg/day (Arnold et al. 2003; Waner and
Nyska 1988).
No hematological effects were observed in rats exposed to 8.4 or 72.4 mg
MMA/kg/day for 2 years (Arnold et al. 2003; Shen et al. 2003) or dogs
administered 35 mg MMA/kg/day for 52 weeks (Waner and Nyska 1988);
additionally, no alterations in total or differential leukocyte levels were observed
in mice exposed to 67.1 mg MMA/kg/day for 2 years (Arnold et al. 2003).
No gross or histological skin alterations were observed in rats or mice following
intermediate- or chronic-duration exposure to MMA (Arnold et al. 2003; as
reported in Crown et al. 1990; Gur et al. 1991).
No gross or histological alterations in the eye were observed in rats or mice
following intermediate- or chronic-duration exposure to MMA (Arnold et al.
2003; as reported in Crown et al. 1990; Gur et al. 1991).
In animal studies of organic arsenicals, decreases in body weight gain were
observed in rats and mice after intermediate, and chronic duration exposure to
MMA (Arnold et al. 2003; Waner and Nyska 1988); decreases in body weight
gain have also been reported in pregnant rats and rabbits exposed to MMA (Irvine
et al. 2006). For MMA, the decreases in body weight gain were observed
following intermediate-duration exposure of rats and dogs to 106.9 or 8 mg
MMA/kg/day (Arnold et al. 2003; Waner and Nyska 1988), respectively, and
following chronic-duration exposure of rats, mice, and dogs to 25.7, 67.1, or 8 mg
MMA/kg/day, respectively (Arnold et al. 2003; Waner and Nyska 1988). The
decreases in body weight gain occurred at doses that were associated with
diarrhea and histological alterations in the gastrointestinal tract (Arnold et al.
2003; Waner and Nyska 1988). (Originals not sighted; ATSDR, 2007).
The ATSDR (2007) noted that:
―Although dogs appear to be more sensitive to the gastrointestinal effects of
MMA, a direct comparison of the two studies is not possible due to the difference
in the routes of exposure. It is possible that the bolus administration of MMA, in
the form of a capsule, resulted in increased sensitivity of the dogs. Because the
most likely route of exposure for humans would be ingestion and the critical
effect appears to be irritation of the gastrointestinal tract, studies involving bolus
administration (gavage or capsule) were not considered for derivation of oral
MRLs.‖
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SPECIFIC TARGET ORGAN TOXICITY 6.9 (REPEAT DOSE – DERMAL)

19.1

HSNO CLASSIFICATION

CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Repeat dose – dermal) – No
KEY STUDY:
 Type of study:

Sub-Acute Dermal Rabbit;

 Species:

Rabbit;

 Strain:

New Zealand White;

 Test material:

MMA [source & purity unstated];

 Dose levels:

0, 100, 300 or 1000 mg/kg bw/day 6 hours/day, 5
days/week for 21 days;

 Endpoint:

Clinical signs, mortality;

 Remarks:
 The systemic toxicity NOAEL = 1000 mg/kg bw/day;
 The systemic toxicity LOAEL > 1000 mg/kg bw/day.
 GLP:

No information;

 Test Guideline:

US EPA OPPTS 870.3200;

 Reference source: Margitich, D.; Ackerman, L. (1991) ―Methanearsonic
Acid: 21 Day Dermal Toxicity Study in Rabbits‖: Lab
Project No: PH 430-LI-001-90. Unpublished study
prepared by Pharmakon Research International Inc. 549 p.
Unpublished. (Original not sighted.) (ATSDR, 2007);
 Reliability:

Klimisch score 2 = reliable with restrictions;

 Justification:
Margitich & Ackerman (1991) was conducted to
Guideline. The LOAEL (> 1000 mg/kg bw/day) is above the threshold for
6.9B classification for repeat dose exposures in Table 17.2 of the User Guide
(ERMA, 2008).

BACKGROUND:
The dermal absorption of MSMA is reported to be low (15%) (Shah et al.,1987;
Original not sighted in WHO, 2001).
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SPECIFIC TARGET ORGAN TOXICITY 6.9 (REPEAT DOSE – INHALATION)

20.1

HSNO CLASSIFICATION

CLASS 6.9 (specific target organ toxicity)
Classification: Specific target organ toxicity (Repeat dose – inhalation) –
6.9B
KEY STUDY:
 Type of study:

Sub-Chronic (90 day) Inhalation in Rodents;

 Species:

Rat;

 Strain:

No information;

 Test material:

Cacodylate 3.25 (active ingredients: cacodylic acid (4.9%)
and sodium cacodylate (28.4%); batch 095/93);

 Dose levels:

Aerosol concentrations of 10, 34 and 100 mg DMA/m3
(analytical concentrations 0.01, 0.034, or 0.1 mg/L) ;

 Endpoint:

Clinical signs, mortality;

 Remarks:
 NOAEL is 0.010 mg/L/day;
 LOAEL is 0.034 mg/L/day in both male and female rats based on the presence
of moderate and marked intracytoplasmic eosinophilic granules (IEG) in the
cells of the nasal turbinates.
No gastrointestinal effects, hematological alterations, renal effects, or
histological alterations were observed in the hearts or liver were observed in
rats repeatedly exposed to 100 mg DMA/m3.
 GLP:

No information;

 Test Guideline:

US EPA OPPTS 870.3465;

 Reference source: Whitman, F. (1998) Subchronic (90-Day) Inhalation
Toxicity Study in Rats with Cacodylate 3.25 (MRD-92-416): Final Report: Lab
Project Number: 141618. Unpublished study prepared by Exxon Biomedical
Sciences, Inc. 240 p. (Original not sighted.) (US EPA, 2006a and 2006b);
 Reliability:

Klimisch score 2 = reliable with restrictions;
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Justification:
Whitman (1998) was conducted to Guideline. The
LOAEL (= 0.034 mg/L) is below the threshold for 6.9B classification for
repeat dose exposures in Table 17.2 of the User Guide (ERMA, 2008).
[Note: In the study with DMA, port-of-entry effects, not systemic ones, are the
most sensitive. It is assumed that MMA will cause similar port-of-entry effects
to DMA, given that their in vitro cytotoxicity profiles are similar.]

BACKGROUND:
The US EPA (2006b) rationalised the use of DMA as a surrogate for MSMA/MMA
thus:
―Pharmacokinetics of absorption and metabolism can differ among oral, dermal,
and inhalation exposures. Because of this, it is preferred to use route-specific
studies when extrapolating risk … Regarding inhalation exposures, the rat
inhalation study with DMA has been selected as a surrogate for MMA in the
absence of an MMA inhalation toxicity study. This provides some uncertainty in
the inhalation risk assessments for MMA. As described in the EPA‘s issue paper
regarding metabolism and mode of action for DMA, the pharmacokinetics of oral
exposure to DMA and MMA differ and that chemical specific data are preferred.
In the case of oral exposure, the target tissues for DMA and MMA are believed to
be different (bladder vs. gastrointestinal tract). In the 90-day inhalation toxicity
study with DMA, port-of-entry effects, not systemic ones, are the most sensitive.
Both DMA and MMA cause in vitro cytotoxicity in various cell lines and tissues.
The cytotoxic concentrations are within the same ranges for the pentavalent DMA
and MMA (USEPA 2006). Although the relationship between cytotoxicity and
nasal/respiratory irritation is not known, it‘s a reasonable assumption that
chemicals which cause cytotoxicity to tissue surfaces may also be irritating to the
respiratory tract. Moreover, both MMA and DMA are mildly irritating to eyes.
For some pesticide chemicals where no inhalation studies are available, OPP often
extrapolates risk using oral studies with the assumption of 100% absorption. This
approach is reasonable for chemicals whose toxicity is primarily related to
systemic effects. However, for MMA, it is a reasonable assumption that MMA
may cause port of entry effects via the inhalation route, similar to DMA. As such,
use of an oral study may not be appropriate in this case. As a screening approach,
the DMA inhalation study is currently being used as a surrogate for MMA
inhalation toxicity. In the event that the use pattern or exposure profile for MMA
changes, the Agency may require an inhalation toxicity study with MMA or its
salts in the future.‖

The ATSDR (2007) summarised the adverse effects of exposure to repeated inhalation
doses of MSMA/MMA as:
No studies were located regarding respiratory effects in humans exposed to
organic arsenicals. Short-term exposure of rats and mice to high concentrations
(≥4,000 mg/m3) of DMA caused respiratory distress, and necropsy of animals that
died revealed bright red lungs with dark spots (Stevens et al. 1979). Respiratory
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distress was also observed in rats and mice exposed to high levels (≥6,100 mg/m3)
of the disodium salt of MMA (Stevens et al. 1979), although none of the MMAexposed animals died. Respiratory distress appears to be associated with
inhalation of very high concentrations of organic arsenicals. In 5-minute wholebody plethysmography trials, DMA and the disodium salt of MMA had RD50
(concentration calculated to produce a 50% decrease in respiration rate) values of
3,150 and 1,540 mg/m3, respectively (Stevens et al. 1979). Based on these RD50
values, neither DMA nor MMA is considered to be a potent respiratory irritant. At
low concentrations of DMA (34 or 100 mg DMA/m3), an increase in
intracytoplasmic eosinophilic globules were found in the nasal turbinates of rats
exposed to DMA 6 hours/day, 5 days/week for 67–68 exposures (Whitman 1994).
No studies were located regarding cardiovascular effects in humans after
inhalation exposure to organic arsenicals. No histological alterations were
observed in the hearts of rats exposed to 100 mg DMA/m3 for 67–68 exposures
(Whitman 1994).
Rats and mice exposed to very high levels (above 3,000 mg/m3) of MMA
(disodium salt) or DMA experienced diarrhea (Stevens et al. 1979). The diarrhea
could be due to transport of inhaled particulate material from the lungs to the
gastrointestinal system or to direct ingestion of the compound (e.g., from
grooming of the fur). No gastrointestinal effects were observed in rats repeatedly
exposed to 100 mg DMA/m3 6 hours/day, 5 days/week for 67–68 exposures
(Whitman 1994).
No effect on levels of hemoglobin, red cells, or white cells was detected in the
blood of manufacturing workers (323 counts in 35 workers) exposed to airborne
arsanilic acid dusts at a mean concentration of 0.17 mg/m3 in the workplace
(Watrous and McCaughey 1945). Controls were an unspecified number of
unexposed manufacturing workers with 221 complete blood counts. No
hematological alterations were observed in rats exposed to 100 mg DMA/m3 for
an intermediate duration (Whitman 1994).
No studies were located regarding musculoskeletal effects in humans or animals
after inhalation exposure to organic arsenicals.
No studies were located regarding hepatic effects in humans after inhalation
exposure to organic arsenicals. No histological alterations were observed in the
livers of rats exposed to 100 mg DMA/m3 for 67–68 exposures (Whitman 1994).
No studies were located regarding renal effects in humans after inhalation
exposure to organic arsenicals. No renal effects were reported in rats exposed to
100 mg DMA/m3 6 hours/day, 5 days/week for 67–68 exposures (Whitman 1994).
(Originals not sighted; ATSDR, 2007).
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23

OTHER POTENTIAL TOXIC ENDPOINTS

23.1

Endocrine Disruption:

The US EPA (2006b) concluded that ―In the available toxicity studies on MMA, there
was no estrogen, androgen, and/or thyroid mediated toxicity.‖
ATSDR (2007) reported:
―No studies of effects of organic arsenic compounds on endocrine glands in
humans were found. Hypertrophy of thyroid epithelium was observed in rats
exposed to 33.9 mg MMA/kg/day in the diet for 2 years (Arnold et al. 2003), 4.0
mg DMA/kg/day in the diet for 13 weeks (Crown et al. 1987), 16.5 mg
DMA/kg/day in the diet for at least 10 weeks (Rubin et al. 1989), and 7.8 mg
DMA/kg/day in the diet for 2 years (Arnold et al. 2006). No other biologically
significant effects were observed in other endocrine tissues following exposure to
MMA or DMA.‖
23.2

Neurotoxicity:

The limited information available on the neurotoxicity potential of MSMA/MMA
indicates that the nervous system is not particularly sensitive to MSMA/MMA, and that
NOAELs to protect against gastrointestinal and/or kidney effects would be adequately
protective against any neurotoxicity.
The US EPA (2006b) reported that: ―no neurotoxicity studies are available for MMA at
this time. There is no evidence of neurotoxicity observed in rat, rabbit, or dog. In the
104-week oncogenicity study in mice, at high doses (46 and 104 mg/kg/day), female
mice exhibited increased incidences of hypersensitivity and tonic convulsions. At the
same dose, body weight gain, increased water consumption, and histopathology of the
large intestine and kidney were also noted in mice, suggesting significant toxicity to the
animals. It is also notable that the hypersensitivity and tonic convulsions were at doses
approximately 20-fold higher than those resulting in clinical signs and kidney
histopathology observed in the dog.‖
The ATSDR (2007) reported:
―Information on neurological effects of organic arsenicals in humans is limited to
an occupational study that did not find increases in the frequency of central or
peripheral nervous system complaints (Watrous and McCaughey 1945) and a case
report of a [woman] reporting numbness and tingling of the fingertips, toes, and
circomoral region [around the mouth] who was exposed to organic arsenic in soup
(Luong and Nguyen 1999) ... Numbness and tingling of the fingertips, toes, and
circumoral region were reported by a women exposed to an unspecified amount of
organic arsenic in bird‘s nest soup. Discontinuation of exposure resulted in the
disappearance of symptoms (Luong and Nguyen 1999). Decreased absolute brain
weights were seen in male rats exposed to 25.7 mg MMA/kg/day and female rats
exposed to ≥33.9 mg MMA/kg/day, but decreased body weight also occurred at
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these exposure levels, and relative brain weights were increased in the males at
25.7 mg MMA/kg/day and the females at ≥33.9 mg MMA/kg/day in this study
(Arnold et al. 2003). No neurological clinical signs or brain lesions were observed
following chronic exposure of rats to 72.4 mg MMA/kg/day or mice to 67.1 mg
MMA/kg/day (Arnold et al. 2003) ... Data regarding neurological effects in people
exposed to organic arsenic in the air are limited to a single study. The frequency
of central nervous system complaints was no higher than controls in workers at a
chemical factory exposed to arsanilic acid at mean concentrations up to 0.17
mg/m3 (Watrous and McCaughey 1945). Although peripheral nerve complaints
were higher in arsenic packaging workers (mean exposure=0.065 mg/m3) than in
unexposed controls, this was not the case in manufacturing workers with higher
arsenic exposure (mean=0.17 mg/m3). This suggests that the effects on the
peripheral nerves in the exposed packaging workers were not due to arsenic. The
reliability of these data is limited by shortcomings in the study methodology (e.g.,
the data might easily be biased by workers who chose not to complain about
minor symptoms). No studies were located regarding neurological effects in
animals after inhalation exposure to organic arsenicals.‖ (Originals not sighted;
ATSDR, 2007).

23.3

Immunotoxicity:

The ATSDR (2007) reported:
No studies were located regarding immunological and lymphoreticular effects in
humans or animals after oral exposure to organic arsenicals. No histological
alterations were observed in immunological or lymphoreticular tissues following
chronic-duration exposure of rats and mice to 72.4 or 67.1 mg MMA/kg/day
(Arnold et al. 2003). No studies examined immune function following oral
exposure to organic arsenicals. No studies were located regarding immunological
and lymphoreticular effects in humans or animals after inhalation exposure to
organic arsenicals. (Originals not sighted; ATSDR, 2007).
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24

HUMAN TOXICITY STUDIES

The ATSDR (2007) summarised the adverse effects of exposure to single oral doses of
MSMA/MMA as:
Oral
No adverse renal effects were noted after ingestion of 1,714 mg MSMA/kg in a
suicide attempt (Shum et al. 1995).
No respiratory effects were noted after acute human ingestion of 1,714 mg
MSMA/kg (Shum et al. 1995).
No adverse cardiovascular effects were noted after acute human ingestion of
1,714 mg MSMA/kg (Shum et al. 1995).

The ATSDR (2007) reported that no studies were located regarding dermal, ocular or
body weight effects in humans after oral exposure to organic arsenicals, nor regarding
cardiovascular, hepatic or renal effects in humans after inhalation exposure to organic
arsenicals.

For neurotoxicological effects of MSMA/MMA see Section 23.2 Neurotoxicity.
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25

ACCEPTABLE OPERATOR EXPOSURE LEVEL (AOEL)

ERMA New Zealand usually sets one AOEL, derived from short or medium term
(animal) studies with uncertainty factors and designed to protect the highest risk
occupational groups (such as contract sprayers) potentially exposed over seasonal
periods.
AOELs are for systemic exposures, i.e. internal dose where any absorption factors
(<100) have been accounted for in the exposure estimates.
The AOEL is based on the most sensitive, relevant NOAEL or LOAEL, in terms of
dose/exposure route and duration, available for the substance.
Factors modify the NOAEL/LOAEL to account for the uncertainties in extrapolating
where relevant from test species to humans (including data quality), and to account for
any differences in route and duration.

25.1

Key Study:

Study type

Duration

NOAEL

Reference

Combined oral chronic toxicity
carcinogenicity (rat)

~ 2 years

50 ppm

Crown et al, 1990

{3.2 mg/kg bw/day
(males) and 3.8 mg/kg
bw/day (females)}
Sub acute dermal (rabbit)

21 day

1000 mg/kg bw/day

Margitich and
Ackerman, 1991

Sub chronic inhalation (rat)

90 day

0.01 mg/L/day

Whitman, 1998

Examination of the other NOAELs/LOAELs in the database for MSMA/MMA, from
reproductive toxicity and developmental studies indicate that these are the most
sensitive endpoints for each route of exposure.
The key studies with MSMA/MMA on which to base their risk assessments of
occupational and bystander exposures have been reviewed by national regulatory
agencies.
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The critical NOAELs/LOAELs set by overseas regulatory agencies are listed in the
table below:
Critical NOAEL/LOAEL used for occupational exposure health benchmarks (mg/kg
b.w./day)

US EPA (2006a)

Short-term

Intermediate

Study Type

(1-30 Days a)

(Seasonal, 1-6
Months a)

(Reference)

Dermal NOAEL =
1000

Dermal NOAEL =
1000

21-day rabbit dermal (Margitich &
Ackerman, 1991)

Inhalation
NOAEL = 4.38 b

Inhalation
NOAEL = 4.38 b

90-day inhalation rats using DMA
(Whitman, 1998)

Oral NOAEL = 7

Rat developmental toxicity (Rubin,
1986)
Oral NOAEL =
3.2

a

US EPA;

b

adjusted from 0.01 mg/L;

25.2

2-yr diet rats (Crown et al. , 1990)

AOEL:

The NOAEL from the 2-year oral combined chronic/carcinogenicity rat study (3.2 mg
MMA/kg bw/day; Arnold et al., 2003; Crown et al., 1990) should be adequately
protective of inhalation exposures. The NOAEL from the 90-day inhalation study was
4.38 mg DMA/kg bw/day, adjusted from the exposure concentration (using assumed
inhalation volume), but used DMA not MMA (Whitman, 1998). This is particularly the
case as the oral NOAEL is based on systemic effects, histopathology of gastrointestinal
tract and thyroid, while that for the inhalation route is based on localised port-of-entry
effects (intracytoplasmic eosinophilic granules (IEG) in the cells of the nasal
turbinates). Note also that the oral value is lower and for a study of longer duration.
Using a single AOEL for all routes could give a very conservative risk profile for
dermal exposures, the major route for occupational situations, because, the NOAEL
from the 21-day dermal study in rabbits (Margitich & Ackerman, 1991) at 1000 mg
MMA/kg bw/day, based on no effects at the highest dose administered, indicates a
much lower sensitivity via this route. Percutaneous absorption studies of MMA in rat
(Shah et al., 1987) indicated that only 15% of applied material is actually absorbed, this
would give a systemic dose of 150 mg MMA/kg bw/day. This discrepancy between
calculated systemic dose from the dermal study and that observed from oral studies
would suggest that additional factors are in play to reduce the effect of dermal doses,
and simply factoring in percutaneous absorption to the oral NOAEL would not give a
realistic risk assessment for dermal exposures.
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In light of the uncertainties in the information available on the effects of repeat dermal
exposures to MSMA/MMA, and the relative paucity of the information, an AOEL based
on the 2-year oral combined chronic/carcinogenicity rat study is seen as the most robust
(and protective) for occupational and bystander/resident risk assessments.

Proposed AOEL:
TCL proposes a single AOEL is established based on the 2-year combined
chronic/carcinogenicity rat study (Arnold et al., 2003; Crown et al., 1990 in US
EPA, 2006c & ATSDR, 2007).
Where UFs: inter-species = 10 as the database indicates that humans are as least
as sensitive to MSMA/MMA as test species; intra-species = 10 to account for
individual variability. The calculation becomes:
AOEL

=

MSMA Reassessment – Application

NOAEL
UFs

=

3.2
100

February 2009

= 0.032 mg/kg b.w./day
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Absorption factors:

See Section 4 ADME for a discussion on absorption.

Based on the current available data package, TCL assumes:
 oral absorption of MSMA at 100% for occupational health risk modelling, and
100% from arsenic-contaminated soil. [100% is the default assumption.]
 inhalation absorption of MSMA at 100% for occupational health risk
modelling. [100% is the default assumption for all pesticide active ingredients
in for use of the BBA model.]
 dermal absorption of MSMA at 15% for operator and bystander health risk
modelling with direct contact with MSMA, and 4.5% from arseniccontaminated soil for re-entry worker and resident health risk modelling.
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26

CHRONIC TOXICITY OF INORGANIC ARSENIC TO HUMANS: OVERVIEW

As indicated in the introduction, organic arsenic can be modified in the environment to
inorganic arsenic (inorganic As), so a brief summary of the toxicity of inorganic As is
provided to address the toxicity of arsenic in that form.
Chronic toxicity:
Soluble inorganic arsenic is acutely toxic, and ingestion of large doses leads to
gastrointestinal symptoms, disturbances of cardiovascular and nervous system
functions, and eventually death. In survivors, bone marrow depression, haemolysis,
hepatomegaly, melanosis, polyneuropathy and encephalopathy may be observed
(WHO, 2001).
Clinical signs of gastrointestinal irritation, including nausea, vomiting, diarrhea, and
abdominal pain, are observed in essentially all cases of short-term high-dose exposures
to inorganic arsenic (e.g., Armstrong et al. 1984; Bartolome et al. 1999; Campbell and
Alvarez 1989; Chakraborti et al. 2003a; Cullen et al. 1995; Fincher and Koerker 1987;
Goebel et al. 1990; Kingston et al. 1993; Levin-Scherz et al. 1987; Lugo et al. 1969;
Moore et al. 1994b; Muzi et al. 2001; Uede and Furukawa 2003; Vantroyen et al. 2004).
Similar signs are also frequently observed in groups or individuals with longer-term,
lower-dose exposures (e.g., Borgoño and Greiber 1972; Cebrián et al. 1983; Franzblau
and Lilis 1989; Guha Mazumder et al. 1988, 1998a; Haupert et al. 1996; Holland 1904;
Huang et al. 1985; Mizuta et al. 1956; Nagai et al. 1956; Silver and Wainman 1952;
Wagner et al. 1979; Zaldívar 1974), but effects are usually not detectable at exposure
levels below about 0.01 mg As/kg/day (Harrington et al. 1978; Valentine et al. 1985).
These symptoms generally decline within a short time after exposure ceases. (Originals
not sighted; in ATSDR, 2007).
A number of studies in humans indicate that arsenic ingestion may lead to serious
effects on the cardiovascular system. Characteristic effects on the heart from both acute
and long-term exposure include altered myocardial depolarization (prolonged QT
interval, nonspecific ST segment changes) and cardiac arrhythmias (Cullen et al. 1995;
Glazener et al. 1968; Goldsmith and From 1986; Heyman et al. 1956; Little et al. 1990;
Mizuta et al. 1956; Moore et al. 1994b; Mumford et al. 2007). Long-term, low-level
exposures may also lead to damage to the vascular system. The most dramatic example
of this is "Blackfoot Disease," a condition that is endemic in an area of Taiwan where
average drinking water levels of arsenic range from 0.17 to 0.80 ppm (Tseng 1977),
corresponding to doses of about 0.014–0.065 mg As/kg/day (IRIS 2007). The disease is
characterized by a progressive loss of circulation in the hands and feet, leading
ultimately to necrosis and gangrene (Chen et al. 1988b; Ch‘i and Blackwell 1968; Tseng
1977, 1989; Tseng et al. 1968, 1995, 1996). Several researchers have presented
evidence that other factors besides arsenic (e.g., other water contaminants, dietary
deficits) may play a role in the etiology of this disease (Ko 1986; Lu et al. 1990; Yu et
al. 1984). While this may be true, the clear association between the occurrence of
Blackfoot Disease and the intake of elevated arsenic levels indicates that arsenic is at
least a contributing factor. The results of a recent study suggested that individuals with a
lower capacity to methylate inorganic arsenic to DMA have a higher risk of developing
peripheral vascular disease in the Blackfoot Disease-hyperendemic area in Taiwan
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(Tseng et al. 2005). Arsenic exposure in Taiwan has also been associated with an
increased incidence of cerebrovascular and microvascular diseases (Chiou et al. 1997;
Wang et al. 2002, 2003) and ischemic heart disease (Chang et al. 2004; Chen et al.
1996; Hsueh et al. 1998b; Tsai et al. 1999; Tseng et al. 2003). Moreover, effects of
arsenic on the vascular system have also been reported in a number of other
populations. (Originals not sighted; in ATSDR, 2007).
One of the most common and characteristic effects of arsenic ingestion is a pattern of
skin changes that include generalized hyperkeratosis and formation of hyperkeratotic
warts or corns on the palms and soles, along with areas of hyperpigmentation
interspersed with small areas of hypopigmentation on the face, neck, and back. These
and other dermal effects have been noted in a large majority of human studies involving
repeated oral exposure (e.g., Ahmad et al. 1997, 1999b; Ahsan et al. 2000; Bickley and
Papa 1989; Borgoño and Greiber 1972; Borgoño et al. 1980; Cebrián et al. 1983;
Chakraborti et al. 2003a, 2003b; Chakraborty and Saha 1987; Foy et al. 1992; Franklin
et al. 1950; Franzblau and Lilis 1989; Guha Mazumder et al. 1988, 1998a, 1998b,
1998c; Guo et al. 2001a; Haupert et al. 1996; Huang et al. 1985; Lander et al. 1975; Liu
et al. 2002; Lüchtrath 1983; Milton et al. 2004; Mizuta et al. 1956; Morris et al. 1974;
Nagai et al. 1956; Piontek et al. 1989; Rosenberg 1974; Saha and Poddar 1986; Silver
and Wainman 1952; Szuler et al. 1979; Tay and Seah 1975; Tseng et al. 1968; Wade
and Frazer 1953; Wagner et al. 1979; Wong et al. 1998a, 1998b; Zaldívar 1974, 1977).
In cases of low-level chronic exposure (usually from water), these skin lesions appear to
be the most sensitive indication of effect. This is supported by the finding that other
effects (hepatic injury, vascular disease, neurological effects) also appear to have
similar thresholds. Numerous studies in humans have reported dermal effects at chronic
dose levels generally ranging from about 0.01 to 0.1 mg As/kg/day (Ahmad et al. 1997;
Bickley and Papa 1989; Borgoño and Greiber 1972; Borgoño et al. 1980; Cebrián et al.
1983; Chakraborty and Saha 1987; Foy et al. 1992; Franklin et al. 1950; Guha
Mazumder et al. 1988; Huang et al. 1985; Lüchtrath 1983; Piontek et al. 1989; Silver
and Wainman 1952; Tseng et al. 1968; Zaldívar 1974, 1977). However, in a study with
detailed exposure assessment, all confirmed cases of skin lesions ingested water
containing >100 μg/L arsenic (approximately 0.0037 mg As/kg/day) and the lowest
known peak arsenic concentration ingested by a case was 0.115 μg/L (approximately
0.0043 mg As/kg/day) (Haque et al. 2003). Another large study reported increased
incidence of skin lesions associated with estimated doses of 0.0012 mg As/kg/day
(0.023 mg As/L drinking water) (Ahsan et al. 2006). Several epidemiological studies of
moderately sized populations (20–200 people) exposed to arsenic through drinking
water have detected no dermal or other effects at average chronic doses of 0.0004–0.01
mg As/kg/day (Cebrián et al. 1983; EPA 1981b; Guha Mazumder et al. 1988;
Harrington et al. 1978; Valentine et al. 1985), and one very large study detected no
effects in any person at an average total daily intake (from water plus food) of 0.0008
mg As/kg/day (Tseng et al. 1968). This value has been used [by the ATSDR] to
calculate a chronic oral MRL [Minimal Risk Level] for inorganic arsenic of 0.0003
mg/kg/day. (Originals not sighted; in ATSDR, 2007).
A large number of epidemiological studies and case reports indicate that ingestion of
inorganic arsenic can cause injury to the nervous system. Repeated exposures to lower
levels (0.03–0.1 mg As/kg/day) are typically characterized by a symmetrical peripheral
neuropathy (Chakraborti et al. 2003a, 2003b; Foy et al. 1992; Franzblau and Lilis 1989;
Guha Mazumder et al. 1988; Hindmarsh et al. 1977; Huang et al. 1985; Lewis et al.
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1999; Mizuta et al. 1956; Muzi et al. 2001; Silver and Wainman 1952; Szuler et al.
1979; Wagner et al. 1979). This neuropathy usually begins as numbness in the hands
and feet, but later may develop into a painful "pins and needles" sensation. Both sensory
and motor nerves are affected, and muscle weakness often develops, sometimes leading
to wrist-drop or ankle-drop (Chhuttani et al. 1967; Heyman et al. 1956). Diminished
sensitivity to stimulation and abnormal patellar reflexes have also been reported (Mizuta
et al. 1956). Histological examination of nerves from affected individuals reveals a
dying-back axonopathy with demyelination (Goebel et al. 1990; Hindmarsh and
McCurdy 1986). Some recovery may occur following cessation of exposure, but this is
a slow process and recovery is usually incomplete (Fincher and Koerker 1987; Le
Quesne and McLeod 1977; Murphy et al. 1981). Neurological effects were not generally
found in populations chronically exposed to doses of 0.006 mg As/kg/day or less (EPA
1981b; Harrington et al. 1978; Hindmarsh et al. 1977), although fatigue, headache,
dizziness, insomnia, nightmare, and numbness of the extremities were among the
symptoms reported at 0.005, but not 0.004 mg As/kg/day in a study of 31,141
inhabitants of 77 villages in Xinjiang, China (Lianfang and Jianzhong 1994), and
depression was reported in some Wisconsin residents exposed to 2–10 μg As/L in the
drinking water for 20 years or longer (Zierold et al. 2004). (Originals not sighted; in
ATSDR, 2007).
There is emerging evidence suggesting that exposure to arsenic may be associated with
intellectual deficits in children. For example, Wasserman et al. (2004) conducted a
cross-sectional evaluation of intellectual function in 201 children 10 years of age whose
parents were part of a larger cohort in Bangladesh. Intellectual function was measured
using tests drawn from the Wechsler Intelligence Scale for Children; results were
assessed by summing related items into Verbal, Performance, and Full-Scale raw
scores. The mean arsenic concentration in the water was 0.118 mg/L. The children were
divided into four exposure groups, representing <5.5, 5.6–50, 50–176, or 177–790 μg
As/L drinking water. After adjustment for confounding factors, a dose-related inverse
effect of arsenic exposure was seen on both Performance and Full-Scale subset scores;
for both end points, exposure to ≥50 μg/L resulted in statistically significant differences
(p<0.05) relative to the lowest exposure group (<5.5 μg/L). In a later report, the same
group of investigators examined 301 6-year-old children from the same area
(Wasserman et al. 2007). In this case, the children were categorized into the following
quartiles based on water arsenic concentration: 0.1–20.9, 21–77.9, 78–184.9, and 185–
864 μg/L. After adjustment for water Mn, blood lead, and sociodemographic features
known to contribute to intellectual function, water arsenic was significantly negatively
associated with both Performance and Processing speed raw scores. Analyses of the
dose-response showed that compared to the first quartile, those in the second and third
categories had significantly lower Performance raw scores (p<0.03 and p=0.05,
respectively). Those in the fourth category had marginally significantly lower Full-Scale
and Processing Speed raw scores. It should be mentioned, however, that in general,
arsenic in the water explained <1% of the variance in test scores. Water arsenic made no
contribution to IQ outcomes. A study of 351 children age 5–15 years from West Bengal,
India, found significant associations between urinary arsenic concentrations and
reductions in scores of tests of vocabulary, object assembly, and picture completion; the
magnitude of the reductions varied between 12 and 21% (von Ehrenstein et al. 2007). In
this cohort, the average lifetime peak arsenic concentration in well water was 0.147
mg/L. However, no clear pattern was found for increasing categories of peak arsenic
water concentrations since birth and children‘s scores in the various neurobehavioral
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tests conducted. Furthermore, using peak arsenic as a continuous variable in the
regression models also did not support an adverse effect on the tests results. Exposure to
arsenic in utero also did not suggest an association with the tests scores. Von Ehrestein
et al. (2007) concluded that the study provided little evidence for an effect of long-term
arsenic concentrations in drinking water and that the lack of findings with past
exposures via drinking water may be due to incomplete assessment of past exposure,
particularly exposure originating from food. Wasserman‘s results are consistent with
those of ecological studies in children in Taiwan (Tsai et al. 2003) and in China (Wang
et al. 2007). In the former, adolescents exposed to low (0.0017–0.0018 mg As/kg/day;
n=20) levels of inorganic arsenic in the drinking water showed decreased performance
in the switching attention task, while children in the high exposure group (0.0034–
0.0042 mg As/kg/day; n=29) showed decreased performance in both the switching
attention task and in tests of pattern memory, relative to unexposed controls (n=60). In
the study in China (age 8– 12 years), 87 children whose mean arsenic concentration in
the drinking water was 0.190 mg/L had a mean IQ score of 95 compared with 101 for
children (n=253) with 0.142 mg/L arsenic in the water and 105 for control children
(n=196) with 0.002 mg/L arsenic in the drinking water (Wang et al. 2007). The
differences in IQ scores between the two exposure groups and the control group were
statistically significant. (Originals not sighted; in ATSDR, 2007).
Chronic exposure of women to arsenic in the drinking water has been associated with
infants with low birth weights in Taiwan (Yang et al. 2003) and Chile (Hopenhayn et al.
2003a). Similar associations have been made between late fetal mortality, neonatal
mortality, and postneonatal mortality and exposure to high levels of arsenic in the
drinking water (up to 0.86 mg/L during over a decade), based on comparisons between
subjects in low- and high-arsenic areas of Chile (Hopenhayn-Rich et al. 2000). More
recently, von Ehrenstein et al. (2006) reported no significant association between
exposure to concentrations of ≥0.1 mg/L arsenic in drinking water (approximately 0.008
mg As/kg/day) (n=117; 29 women were exposed to ≥0.5 mg/L) and increased risk for
neonatal death or infant mortality during the first year of life in a study of a population
in West Bengal, India. The same group of investigators reported significantly increased
SMRs for lung cancer and bronchiectasis among subjects in a city in Chile who had
probable exposure in utero (maternal exposure) or during childhood to high levels of
arsenic (near 0.9 mg/L) in the drinking water (Smith et al. 2006). For those exposed in
early childhood, the SMR for lung cancer was 7.0 (95% CI=5.4–8.9, p<0.001) and for
bronchiecstasis 12.4 (95% CI=3.3–31.7, p<0.001). For those born during the highexposure period, the corresponding SMRs were 6.1 (95% CI=3.5–9.9, p<0.001) and
46.2 (95% CI=21.1–87.7, p<0.001). The mortality data analyzed were for the age range
30–49 years. No overall association between arsenic in drinking water and congenital
heart defects was detected in a case-control study in Boston (Zierler et al. 1988),
although an association with one specific lesion (coarctation of the aorta) was noted
(OR=3.4, 95% CI=1.3–8.9). A study of 184 women with neural tube defects in the
offspring living in a Texas county bordering Mexico found that exposure to levels of
arsenic in the drinking water >0.010 mg/L (range or upper limit not specified) did not
significantly increase the risk for neural tube defects (OR=2.0, 95% CI=0.1–3.1)
(Brender et al. 2006). (Originals not sighted; in ATSDR, 2007).
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Carcinogenicity:
Long-term exposure to arsenic in drinking-water is causally related to increased risks of
cancer in the skin, lungs, bladder and kidney, as well as other skin changes such as
hyperkeratosis and pigmentation changes. These effects have been demonstrated in
many studies using different study designs. Exposure–response relationships and high
risks have been observed for each of these end-points. The effects have been most
thoroughly studied in Taiwan but there is considerable evidence from studies on
populations in other countries as well. Increased risks of lung and bladder cancer and of
arsenic-associated skin lesions have been reported to be associated with ingestion of
drinking-water at concentrations ≤ 50 µg arsenic/litre (WHO, 2001). iAs cancer in the
human population may be influenced by a variety of factors including diet (which may
influence the extent of methylation of iAs) and by intra-individual and inter-individual
variability in arsenic methylation (US EPA, 2006c).
There is convincing evidence from a large number of epidemiological studies and case
reports that ingestion of inorganic arsenic increases the risk of developing skin cancer
(Alain et al. 1993; Beane Freeman et al. 2004; Bickley and Papa 1989; Cebrián et al.
1983; Chen et al. 2003; Guo et al. 2001a; Haupert et al. 1996; Hsueh et al. 1995; Lewis
et al. 1999; Lüchtrath 1983; Mitra et al. 2004; Morris et al. 1974; Piontek et al. 1989;
Sommers and McManus 1953; Tay and Seah 1975; Tsai et al. 1998a, 1999; Tseng 1977;
Tseng et al. 1968; Zaldívar 1974; Zaldívar et al. 1981). Lesions commonly observed are
multiple squamous cell carcinomas, some of which appear to develop from the
hyperkeratotic warts or corns. In addition, multiple basal cell carcinomas may occur,
typically arising from cells not associated with hyperkeratinization. In most cases, skin
cancer develops only after prolonged exposure, but one study has reported skin cancer
in people exposed for <1 year (Reymann et al. 1978). Although both types of skin
cancer can be removed surgically, they may develop into painful lesions that may be
fatal if left untreated (Shannon and Strayer 1989). (Originals not sighted; in ATSDR,
2007).
Many case studies have noted the occurrence of internal tumors of the liver and other
tissues in patients with arsenic-induced skin cancer (Falk et al. 1981b; Kasper et al.
1984; Koh et al. 1989; Lander et al. 1975; Regelson et al. 1968; Sommers and
McManus 1953; Tay and Seah 1975; Zaldívar et al. 1981). These studies are supported
by large-scale epidemiological studies, where associations and/or dose response trends
have been detected for tumors of the bladder, kidney, liver, lung, and prostate (Chen and
Wang 1990; Chen et al. 1985, 1986, 1988a, 1988b, 1992; Chiou et al. 1995; Cuzick et
al. 1992; Ferreccio et al. 1998; Guo et al. 1997; Hopenhayn-Rich et al. 1998; Kurttio et
al. 1999; Lewis et al. 1999; Moore et al. 2002; Rivara et al. 1997; Smith et al. 1998;
Tsuda et al. 1995a; Wu et al. 1989). (Originals not sighted; in ATSDR, 2007).
There is increasingly convincing evidence that long-term exposure to arsenic can result
in the development of bladder cancer (Bates et al. 2004; Chen et al. 1992, 2003; Chiou
et al. 1995, 2001; Cuzick et al. 1992; Guo et al. 2001b; Karagas et al. 2004; Lamm et al.
2004; Michaud et al. 2004; Steinmaus et al. 2003), with transitional cell cancers being
the most prevalent. Chiou et al. (1995) reported a dose-response relationship between
long-term arsenic exposure from drinking artesian well water and the incidence of lung
cancer, bladder cancer, and cancers of all sites combined (after adjustment for age, sex,
and cigarette smoking) in four townships in Taiwan exposed to inorganic arsenic in
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drinking water (0–1.14 mg/L). In a later followup study of the same cohort, the increase
in bladder cancer was found to be statistically significant only in subjects exposed for
40 years or longer (Chiou et al. 2001). Cuzick et al. (1992) evaluated a cohort treated
with Fowler's solution (potassium arsenite) in Lancashire, England, during the period
1945–1969 and followed through 1991; the cohort of 478 patients showed a significant
excess of bladder cancer, but no excess for other causes of death. Of a subcohort of 142
patients examined for signs of arsenicism around 1970 (Cuzick et al. 1992), all 11
subsequent cancer deaths occurred in those with signs of arsenicism (p=0.0009).
Hopenhayn-Rich et al. (1996a) investigated bladder cancer mortality for the years
1986–1991 in the 26 counties of Cordoba, Argentina, and reported that bladder cancer
SMRs were consistently higher in counties with documented arsenic exposure; a later
case-control study by the same authors (Bates et al. 2004) did not report statistically
significant increases in bladder cancers resulting from arsenic exposure, except in
individuals exposed for 50 years or longer. Guo et al. (2001a) reported significantly
increased rate differences for bladder cancer in men and women in Taiwan exposed to
0.64 mg arsenic/L in the drinking water, but not at lower exposure levels. The arsenicinduced bladder tumors do not appear to be histologically different than similar bladder
tumor types of nonarsenic origin (Chow et al. 1997), although they tended to be more
pronounced. In contrast, Michaud et al. (2004) reported no correlation between arsenic
levels in toenails and the incidence of bladder cancers in Finnish workers. Among
evaluated U.S. cohorts, there has generally been no association between arsenic
exposure (~60–100 μg As/L) and the incidence of mortality from bladder cancers
(Lamm et al. 2004; Steinmaus et al. 2003), although it is possible that smoking may
render individuals more susceptible to arsenic-induced bladder tumors (Karagas et al.
2004; Steinmaus et al. 2003). (Originals not sighted; in ATSDR, 2007).
Studies have also suggested that chronic oral exposure to arsenic may result in the
development of respiratory tumors and increased incidence of lung cancer (Ferreccio et
al. 2000; Guo 2004; Nakadaira et al. 2002; Smith et al. 1998; Viren and Silvers 1999).
A study of arsenic-exposed individuals in northern Chile reported significantly
increased odds ratios for lung cancer among subjects with ≥30 μg As/L of drinking
water (Ferreccio et al. 2000), although when adjusted for socioeconomic status,
smoking, and other factors, the increase was only significant at 60 μg As/L or greater.
Guo (2004) reported significantly increased rates differences (RD) for lung cancer for
Taiwanese men and women exposed to 0.64 mg As/L or greater, with those subjects
>50 years of age being particularly at risk. Nakadaira et al. (2002) suggested that even
comparatively short exposure durations (≤5 years) may be sufficient for the
development of arsenic-induced lung cancer. (Originals not sighted; in ATSDR, 2007).

Genotoxicity:
Even with some negative findings, the overall weight of evidence indicates that arsenic
can cause clastogenic damage in different cell types with different end-points in
exposed individuals and in cancer patients. For point mutations, the results are largely
negative (WHO, 2001).
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OEHHA (2004) summarised the genotoxicity thus:
 Arsenic is a well-established genotoxicant in mammalian cells;
 Arsenic causes gene mutations in some systems but these are likely lethal in
most and hence poorly recoverable;
 Arsenic does not appear to directly damage DNA except possibly at highly
cytotoxic levels;
 Arsenic induces chromosomal aberrations (including micronuclei and
aneuploidy) and SCEs;
 Arsenic enhances oxidative stress and influences the production of NO;
 Arsenic affects the methylation of DNA in tumor suppressor genes;
 Arsenic causes gene amplification;
 Arsenic inhibits DNA synthesis and repair;
 Arsenic acts as a co-mutagen;
 Arsenic causes mitotic arrest, possibly by reaction with tubulin. (OEHHA,
2004)

Conclusions on the causality of the relationship between arsenic exposure and other
health effects are less clear-cut. The evidence is strongest for hypertension and
cardiovascular disease, suggestive for diabetes and reproductive effects and weak for
cerebrovascular disease, long-term neurological effects, and cancer at sites other than
lung, bladder, kidney and skin (WHO, 2001).
OEHHA summarised the strength of the ―causality‖ between arsenic exposure and
adverse health effects in exposed populations thus:
―It is apparent from the foregoing study descriptions that exposure to arsenic via
drinking water is associated with a number of serious health effects, often in a
dose-related manner. Tsai et al. (1999) compared mortality due to all causes in
areas of Taiwan with high levels of arsenic in drinking water. Standardized
mortality ratios (SMRs) for noncancer and cancer diseases, by sex, during the
period 1971 to 1994 were calculated both with local and national reference
groups. Arsenic levels in the study group drinking water ranged from 0.25 to
1.14 ppm (median = 0.78 ppm). The local study area reported 11,193 male and
8,874 female deaths compared to 113,576 and 80,350 in the local reference, and
1,290,606 and 836,203 in the national reference groups, respectively.
―For males with the local reference, significant SMRs (95 percent C.I.) were
seen for diabetes mellitus 1.35 (1.16-1.55), ischemic heart disease 1.75 (1.591.92), cerebrovascular disease 1.14 (1.08-1.21), vascular disease 3.56 (2.914.30), bronchitis 1.48 (1.25-1.73), asthma 1.18 (1.08-1.31), liver cirrhosis 1.17
(1.02-1.34), and nephritis 1.16 (1.01-1.39). Comparisons with the national
reference group gave significant SMRs for ischemic heart disease 1.50 (1.361.64), heart disease 1.17 (1.08-1.28), cerebrovascular disease 1.09 (1.03-1.15),
vascular disease 3.09 (2.53-3.73), bronchitis 1.87 (1.59-2.18), liver cirrhosis
1.17 (1.08-1.28), and nephritis 1.23 (1.07-1.41).
―For females with the local reference, significant SMRs (95 percent C.I.) were
seen for diabetes mellitus 1.55 (1.39-1.72), hypertension 1.20 (1.06-1.37),
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ischemic heart disease 1.44 (1.27-1.61), cerebrovascular disease 1.24 (1.181.31), vascular disease 2.30 (1.78- 2.93), bronchitis 1.53 (1.30-1.80), and
nephritis 1.16 (1.01-1.39). Similar values were seen with the national reference
group except hypertension and nephritis were no longer significant.
―For comparison, SMRs for all malignant cancers in males were 2.19 (2.112.28) for local and 1.94 (1.87-2.01) for national reference. Specific cancers were
seen in the digestive, respiratory, genitourinary, and lymphatic systems.
Significant male SMRs for both local and national reference groups included
intestine 2.10 (1.20-1.83, local), lung 2.46 (1.77-3.34, local), skin 5.97 (4.627.60, national), prostate 2.52 (1.86-3.34, local), urinary bladder 10.50 (9.3711.73, national), kidney 6.80 (5.49-8.32, national), and lymphoma 1.63 (1.232.11, local). The higher of the two reference values is given in each case. For
females, SMRs for all malignant cancers were 2.40 (2.30-2.51) and 2.05 (1.962.14), for local and national, respectively. Significant individual cancer SMRs
with both reference groups included pharyngeal 2.36 (1.13-4.34, local), rectum
1.87 (1.64-2.14, national), lung 4.13 (3.77-4.52, local), skin 6.81 (5.29-8.63,
national), kidney 10.49 (8.75-12.47), bladder 17.65 (5.70-19.79), and lymphoma
1.70 (1.18-2.37).
―This study compares mortality; however, since not all diseases are fatal the
figures tend to underestimate the risks of serious adverse health effects. Also it
is important to note that the noncancer SMRs, while lower than the most serious
specific cancer endpoints, are not much lower than overall SMRs due to
malignant cancers possibly caused by chronic arsenic exposure. Hence, the
noncancer endpoints discussed in this report need to be taken as seriously as the
cancer endpoints. Fortunately there appear to be suitable data available for the
quantitative risk assessment of several significant noncancer disease endpoints,
including cerebrovascular and cardiovascular disease, hypertension, diabetes
mellitus, and skin keratosis.‖ (OEHHA, 2004)

OEHHA (2004) summarised the cancer hazards thus:
―Lung Cancer
Recent studies add to the evidence that ingestion of inorganic arsenic causes
increased risks of lung cancer. Clear increased risks were found in ecological
studies in both Argentina and in Chile. Confounding due to smoking could be
excluded as the explanation in both populations. Increased lung cancer risks
have been reported in a small study in Japan involving drinking water and a
case-control study with individual exposure data from Chile. The biological
plausibility that arsenic from ingestion might increase lung cancer risks is
strengthened by the fact it is a confirmed lung carcinogen by inhalation. Taking
this into account, there is now sufficient evidence to conclude that ingestion of
inorganic arsenic is a cause of human lung cancer.
―Bladder Cancer
There is sufficient evidence from several studies in several countries to conclude
that ingestion of arsenic is a cause of human bladder cancer. Beyond the
findings in Taiwan, the strongest additional evidence comes from large
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population studies in Chile and Argentina, each conducted with the a priori
hypothesis that bladder cancer risks would be increased. Both studies found that
the highest relative risks for internal cancer mortality associated with arsenic
exposure were for bladder cancer. These ecological studies are supplemented by
studies with individual data, in particular in Taiwan and in the Fowler‘s solution
study in England. There is therefore ample evidence to conclude that inorganic
arsenic ingestion is a cause of human bladder cancer.
―Other Internal Cancers
While recent studies add to the existing evidence and make it probable that
ingestion of arsenic can cause kidney cancer, the findings are not as strong as for
bladder and lung cancer. The evidence concerning liver cancer has actually been
weakened by recent studies, especially the lack of increased risks of liver cancer
in Region II of Chile in the presence of dramatic increases in bladder and lung
cancer mortality. It remains possible that arsenic increases the risk of primary
liver cancer in the presence of a cofactor occurring in Taiwan. Aflatoxin and
hepatitis are two possibilities. The possible misdiagnosis of secondary liver
cancers as primary liver cancer on death certificates also warrants consideration
as a possible explanation.‖ (OEHHA, 2004)

Excess cancer risk:
Canadian agencies (FTPCDW, 2006) proposed a risk-specific daily dose of 0.0086
μg/kg-bw, derived from the arsenic concentration in drinking water determined to
represent ―negligible risk‖ (0.3 μg/L). This value was based on the most current risk
modelling data, and includes an external comparison population. (Originals not sighted;
in MfE draft, 2008). [―acceptable risk‖ was taken as 1 extra cancer death in 10,000
population as a consequence of exposure at the risk-specific daily dose.]
A risk-specific daily dose of 0.0048 μg/kg-bw [1 in 10,000] for the New Zealand
Drinking-water Standard 2005 was reported, based on an older risk model (MfE draft,
2008).
The risk-specific daily dose of 0.0086 μg/kg-bw can therefore be used to assess cancer
risks from exposure to arsenic contaminated soil and drinking water.
This is additional risk, due to the existing risks posed by background levels of inorganic
arsenic in the environment from natural (e.g. geological) and other anthropogenic
sources.
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27

SUMMARY & CONCLUSIONS

CLASS 6 & 8 Toxicological Hazard Classifications:
Hazard Class/Subclass
Subclass 6.1 Acute
toxicity (oral)

Hazard
classification
6.1C

Method of classification

Reference

LD50 rabbit = 102 mg/kg b.w.
(M)

Jaghabir et al. (1988) in
WHO

Klimisch score 2 = reliable
with restrictions
Subclass 6.1Acute toxicity
(dermal)

No

LD50 rabbit >2000 mg/kg b.w.

MRID 41890001 in
USEPA, 2006a

Klimisch score 2 = reliable
with restrictions
Subclass 6.1 Acute
toxicity (inhalation)

6.1D

LC50 (4h head-only; mist) =
2.2 mg/L

MRID 42604601 in
USEPA, 2006a

Klimisch score 2 = reliable
with restrictions
Subclass 6.3/8.2 Skin
irritancy/corrosion

No

OPPTS 81-5

MRID 41892008 in
USEPA, 2006a

Klimisch score 2 = reliable
with restrictions
Subclass 6.4/8.3 Eye
irritancy/corrosion

6.4A

OPPTS 81-4
Klimisch score 2 = reliable
with restrictions

Brown, J.; Hastings, M.
(1995); MRID
43840901 in USEPA,
2006a

Subclass 6.5A Respiratory
sensitisation

Insufficient
data

No data

USEPA, ATSDR,
WHO

Subclass 6.5B Contact
sensitisation

Insufficient
data

OPPTS 81-6

MRID 41890002 in
USEPA, 2006a

Klimisch score 2 = reliable
with restrictions
Subclass 6.6 Mutagenicity

Insufficient
data

Weight of evidence:

USEPA, ATSDR,
WHO

There were no reports of
genotoxicity
in
vivo
[chromosomal effect assays
(mouse micronucleus test,
mammalian bone marrow
cytogenetic
test,
mouse
dominant lethal assay)] for
MSMA or MMA, but with
limited
evidence
of
genotoxicity
in
vitro.
Oncogenicity testing in rats
and mice were negative for
carcinogenic potential.
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Hazard Class/Subclass
Subclass 6.7
Carcinogenicity

Hazard
classification
No

Method of classification

Reference

OPPTS 870.4300 (Rat, 2y
Combined)

Crown et al. (1990) and
Gur et al. (1991) in US
EPA 2006c & ATSDR

OPPTS (Mouse, 18mo
Oncogenicity)
Klimisch score 2 = reliable
with restrictions
Subclass 6.8
Reproductive/
developmental toxicity

No

(Insufficient
data for C)

OPPTS 870.3800
(Reproductive)

Schroeder (1994) in US
EPA 2006a, 2006b &
ATSDR

Klimisch score 2 = reliable
with restrictions
OPPTS 870.3700a (Rat,
developmental)
OPPTS 870.3700b (Rabbit,
develop.)

Mizens & Killeen
(1990) and Rubin
(1986) in US EPA
2006a, 2006b &
ATSDR

Klimisch score 2 = reliable
with restrictions

USEPA, ATSDR,
WHO

Insufficient data for
Classification on lactation
effects (C)
Subclass 6.9 Target organ
systemic toxicity – Single
exposure (Oral)

No

Subclass 6.9 Target organ
systemic toxicity – Single
exposure (Dermal)

Insufficient
data

No studies were reported

USEPA, ATSDR,
WHO

Subclass 6.9 Target organ
systemic toxicity – Single
exposure (Inhalation)

Insufficient
data

No studies were reported

USEPA, ATSDR,
WHO

Subclass 6.9 Target organ
systemic toxicity – Repeat
exposure (Oral)

6.9B

LOAEL = 3.2 mg/kg bw/d
(histopathology of
gastrointestinal tract and
thyroid)

Crown et al. (1990) in
US EPA 2006c &
ATSDR

LOAELs for rat appear to be
outside the threshold for 6.9
classification for single dose
exposures in Table 17.1 of the
User Guide (ERMA, 2008)

USEPA, ATSDR,
WHO

OPPTS 870.4300 (Rat, 2y
Combined)
Klimisch score 2 = reliable
with restrictions
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Hazard Class/Subclass

Hazard
classification

Subclass 6.9 Target organ
systemic toxicity – Repeat
exposure (Dermal)

No

Method of classification

Reference

LOAEL >1000 mg/kg bw
(highest dose tested)

Margitich & Ackerman
(1991) in ATSDR

OPPTS 870.3200
Klimisch score 4 = not
assignable
Subclass 6.9 Target organ
systemic toxicity – Repeat
exposure (Inhalation)

6.9B

LOAEL = 0.34 mg/L
(intracytoplasmic eosinophilic
granules (IEG) in the cells of
the nasal turbinates)

Whitman (1998) in US
EPA, 2006a and 2006b

OPPTS 870.3465
Klimisch score 2 = reliable
with restrictions
ATSDR: ATSDR, 2007
USEPA: USEPA, 2006a, 2006b, 2006c
WHO: WHO, 2001

The level of detail in the US EPA‘s Revised Reregistration Eligibility Decision (2006a)
and the Human Health Assessment (2006b), the Agency for Toxic Substances and
Disease Registry‘s (ATSDR) Toxicological Profile for Arsenic (2007), and the WHO‘s
Environmental Health Criteria (2001), should give adequate assurance that the proposed
Classifications are robust, based on the documents cited in the Reference section.

Key Studies for AOEL benchmark:
Critical NOAEL/LOAEL used for occupational exposure health benchmarks (mg/kg
b.w./day)

Proposed in this
review
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Short-term

Intermediate

(1-30 Days a)

(Seasonal, 1-6
Months a)

Dermal NOAEL =
1000

Dermal NOAEL =
1000

21-day rabbit dermal (Margitich &
Ackerman, 1991)

Inhalation
NOAEL = 4.38 c

Inhalation
NOAEL = 4.38 c

90-day inhalation rats using DMA
(Whitman, 1998)

Oral NOAEL =
3.2

Oral NOAEL =
3.2

2-yr diet rats (Crown et al. , 1990)
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Critical NOAEL/LOAEL used for occupational exposure health benchmarks (mg/kg
b.w./day)
US EPA (2006a)

Dermal NOAEL =
1000

Dermal NOAEL =
1000

21-day rabbit dermal (Margitich &
Ackerman, 1991)

Inhalation
NOAEL = 4.38 c

Inhalation
NOAEL = 4.38 c

90-day inhalation rats using DMA
(Whitman, 1998)

Oral NOAEL = 7

Rat developmental toxicity (Rubin,
1986)
Oral NOAEL =
3.2

a

2-yr diet rats (Crown et al. , 1990)

US EPA;

c

adjusted from 0.01 mg/L;

d

includes uncertainty factors (10 & 10), from BMDL10 = 12.38 mg/kg bw/day;

Proposed AOEL:
From the 2-year combined chronic/carcinogenicity rat study (Arnold et al., 2003;
Crown et al., 1990 in US EPA, 2006c & ATSDR, 2007).
AOEL

=

NOAEL
UFs

=

3.2
100

= 0.032 mg/kg b.w./day

Where UFs: inter-species = 10 as the database indicates that humans are as least
as sensitive to MSMA/MMA as test species; intra-species = 10 to account for
individual variability.

Based on the current available data package for MSMA/MMA, TCL has assumed:
 oral absorption of MSMA at 100% for occupational health risk modelling, and
100% from arsenic-contaminated soil.
 inhalation absorption of MSMA at 100% for occupational health risk
modelling.
 dermal absorption of MSMA at 15% for operator and bystander health risk
modelling with direct contact with MSMA, and 4.5% from arseniccontaminated soil for re-entry worker and resident health risk modelling.

For the additional cancer risk posed by the inorganic arsenic formed in the environment
(soil and drinking water) as a consequence of MSMA use, TCL will use the riskspecific daily dose of 0.0086 μg/kg-bw, derived from the arsenic concentration in
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drinking water determined to represent ―negligible risk‖ (0.3 μg/L).
[negligible/acceptable risk is taken as 1 extra cancer death in 10,000 population as a
consequence of exposure at the risk-specific daily dose.]
This is additional risk, due to the existing risks posed by background levels of inorganic
arsenic in the environment from natural (e.g. geological) and other anthropogenic
sources.
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1

PURPOSE
1.1

The purpose of this report is to provide occupational, bystander, resident
and drinking water risk assessments for the Environmental Risk
Management Authority New Zealand (ERMA New Zealand) reassessment
of monosodium methanearsonate (MSMA).

1.2

The scope of the context used to form this assessment is confined to the
documents listed in the Reference section of this document, the time
constraints, the professional experience of the author, and the date this
document was issued.

1.3

The assessment constitutes the whole document and the reference sources,
and should only be used as a whole.

1.4

In spite of all care taken, the reference material should be directly
consulted to check the veracity of data, opinions and other material used
and attributed in this document.

1.5

No responsibility will be taken for misuse of this document, or use by
third parties.

Page 196 of 272

February 2009

MSMA Reassessment – Application

CONTENTS:
Title Page

195

1

196

Purpose

Contents

197

2

Substance Identification

198

3

Occupational Exposure & Risk Assessment

200

Operator Exposure & Risk Assessment

200

Post-application or re-entry worker exposures & risk assessment

205

4

Bystander exposure & risk assessment

212

5

Drinking Water

222

6

Summary & Conclusions

224

References

227

Tox Appendix 1: Post-application or Re-entry worker Exposures to MSMA – detail

229

Tox Appendix 2: Bystander & Resident Exposures to MSMA: Spray drift – detail

238

Tox Appendix 3: Bystander & Resident Exposures to MSMA: Treated Turf – detail

244

Tox Appendix 4: Children‘s (Resident) Exposures to inorganic Arsenic – detail

246

Tox Appendix 5: Children‘s (Resident) Exposures to inorganic Arsenic: PEC – detail

250

MSMA Reassessment – Application

February 2009

Page 197 of 272

2

SUBSTANCE IDENTIFICATION

IUPAC name:

Sodium methylarsonate

Chemical name (CAS):

Methanearsonic acid, monosodium salt

Common name:

Monosodium methanearsonate

CAS Registry number:

2163-80-6

Molecular formula:

C-H4-As-O3.Na; C-H5-As-O3.Na

Molecular weight:

161.94

Structural formula:
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IUPAC name:

Methanearsonic acid

Chemical name (CAS):

Monomethylarsonic acid

Common name:

Methanearsonic acid

CAS Registry number:

124-58-3

Molecular formula:

C-H5-As-O3

Molecular weight:

139.97

Structural formula:
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3

OCCUPATIONAL EXPOSURE & RISK ASSESSMENT

Occupational Exposure and Risk
3.1

The work activities for which exposure is estimated are mixing, loading
(usually grouped) and application, together termed operators, and workers
entering the spray area after application, for example, to weed the crop
(post-application or re-entry activities).

3.2

As ERMA New Zealand has no actual exposure data measured in the field
under New Zealand conditions, operator (mixer/loader/applicator) exposures
were estimated by TCL using the United Kingdom Pesticide Safety
Directorate‘s (UK PSD) interpretation of the German BBA Model.18 The
derived values consider both dermal and inhalation exposure routes using
the geometric mean model.

18

Uniform Principles for Safeguarding the Health of Applicators of Plant Protection Products.
Biologische Bundesanstalt für Land- und Forstwirtschaft, Bundesgesundheitsamt, und
Industrieverband Agrar e.V. ISBN 3489-27700-7. 1992;
http://www.pesticides.gov.uk/index.htm.

3.3

To estimate risks to operators and workers entering the sprayed areas postapplication, exposures are predicted under likely use patterns, taking into
consideration the time worked, use of mitigation (engineering controls,
Personal Protective Equipment, PPE and/or Respiratory Protective
Equipment, RPE – default is none), and for workers any time before re-entry
(Restricted Entry Interval, REI – default is none).

3.4

Estimated exposures based on models are compared to relevant health
hazard benchmarks (AOELs). The AOEL proposed for MSMA is 0.032
mg/kg bw/day [see Appendix E].

Exposure of operators to spray:
3.5

For occupational situations the main routes of exposure are assumed to be
through the skin (dermal) or by inhalation. Ingestion of pesticide is not
considered in occupational estimates, as it should not occur in a trained
work force.

3.6

The BBA model calculates total systemic exposure or the total absorbed
dose from both routes. The default assumption is that 100% of the inhaled
material is absorbed, and for MSMA this default value is used. However,
estimation of dermal absorption (skin penetration) is more complex.

3.7

After reviewing the available data, TCL used 15% as the proportion of
MSMA that would be absorbed from exposed skin for both concentrate and
spray mix, based on studies with rats (Shah et al., 1987; Original not sighted
in WHO, 2001). This data was also used by US EPA (2006a & 2006b).
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Activity Scenarios
3.8

In all scenarios, exposure to a liquid, 600 g a.i./l formulation, by a 70 kg
operator with dermal absorption of 15% for concentrates (mixing/loading),
and for spraying (application) is modelled:

Application
Equipment
Scenario

1

2

3

Turf (to
reduce the
development
of paspalum
seed heads
in turf)

tractor mounted/trailed
boom sprayer: hydraulic
nozzles

Turf (cool
areas: to
eradicate
paspalum)

tractor mounted/trailed
boom sprayer: hydraulic
nozzles

Turf (warm
areas: to
eradicate
paspalum)

tractor mounted/trailed
boom sprayer: hydraulic
nozzles

Number
applications
per crop

Work
rate
(ha/day)
*

400

2

20

400

6

20

400

4

20

Rate

Spray

(kg a.i./ha/
application)

Volume

3.6

(L/ha)

(6 L
formulation/ha)

3.6
(6 L
formulation
/ha)
5.4
(9 L
formulation
/ha)

* In all scenarios the default value for the German BBA model is used in the absence of specific work
rate information for New Zealand

MSMA Reassessment – Application

February 2009

Page 201 of 272

Occupational Exposure Estimates & Risk Assessment a
Scenarios (1) & (2): MSMA at 3.6 kg a.i/ha/application in 400 L/ha
tractor mounted/trailed boom sprayer: hydraulic nozzles; 20ha per day
Dermal absorbed dose
(mg/day) b

Inhalation absorbed dose
(mg/day) c

0.2592 e

0.0009 e

)

0.9310

f

0.0014

f

)

0. 2592

e

0.0432

e

)

0.9374

f

Mixing/loading: gloves

0.2592

e

Application: gloves

17.97 f

0.072 f

)

Mixing/loading: no PPE

25.92 e

0.0432 e

)

Application: gloves

17.97 f

0.072 f

)

Mixing/loading: A1P2 + gloves
Application: A1P2 + hood/visor + overalls + boots + gloves
Mixing/loading: gloves
Application: hood/visor + overalls + boots + gloves

e

0.072

f

0.0432

e

)

0.2592

Application: no PPE

22.03 f

0.072 f

)

Mixing/loading: no PPE

25.92 e

0.0432 e

)

Application: no PPE

22.03 f

0.072 f

)

UK PSD interpretation of the German BBA Model – geometric means

b

Assumes 15% dermal absorption for concentrate and for diluted spray

c

Assumes 100% inhalation absorption

d

Assumes 70kg body weight at application

e

Mixing/Loading;

f

0.0170

0.5

0.0187

0.6

0.2620

8h

0.6286

20 h

)

0.3201

10 h

0.6867

21 h

Application

g

RQ = Total Estimated Occupational Exposure / AOEL where AOEL = 0.032 mg/kg b.w./day

h

RQ > 1 indicates the likelihood of an unacceptable risk to those exposed
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Risk Quotient (RQ)g

)
e

Mixing/loading: gloves

a

0.0432

Total operator exposure
(mg/kg b.w./day)d
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Occupational Exposure Estimates & Risk Assessment a
Scenario (3): MSMA at 5.4 kg a.i/ha/application in 400 L/ha
tractor mounted/trailed boom sprayer: hydraulic nozzles; 20ha per day
Dermal absorbed dose
(mg/day) b

Inhalation absorbed dose
(mg/day) c

0.3888 e

0.0013 e

)

1.3964

f

0.0022

f

)

0.3888

e

0.0648

e

)

1.4062

f

Mixing/loading: gloves

0.3888

e

Application: gloves

26.95 f

0.108 f

)

Mixing/loading: no PPE

38.88 e

0.0648 e

)

Application: gloves

26.95 f

0.108 f

)

Mixing/loading: A1P2 + gloves
Application: A1P2 + hood/visor + overalls + boots + gloves
Mixing/loading: gloves
Application: hood/visor + overalls + boots + gloves

0. 3888

Mixing/loading: gloves

e

0.108

f

0.0648

0.0648

Total operator exposure
(mg/kg b.w./day)d

e

)

)

33.05 f

0.108 f

)

Mixing/loading: no PPE

38.88 e

0.0648 e

)

Application: no PPE

33.05 f

0.108 f

)

UK PSD interpretation of the German BBA Model – geometric means

b

Assumes 15% dermal absorption for concentrate and for diluted spray

c

Assumes 100% inhalation absorption

d

Assumes 70kg body weight at application

e

Mixing/Loading;

g
h

f

0.0256

0.8

0.0281

0.9

0.3931

12 h

0.9430

29 h

0.4801

15 h

1.0300

32 h

)
e

Application: no PPE

a

Risk Quotient (RQ)g

Application

RQ = Total Estimated Occupational Exposure / AOEL where AOEL = 0.032 mg/kg b.w./day
RQ > 1 indicates the likelihood of an unacceptable risk to those exposed
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Conclusions on operator exposure estimates and risk assessment
3.9

As can be seen from the Tables above, the use of gloves by mixer/loaders
makes a significant impact on estimated exposure, while during application
hood/visor, overalls, boots and gloves are required to reduce estimated
exposures to acceptable values.

3.10

The Risk Quotient (RQ) for operators using boom spraying in turf
applications are acceptable (RQ = 0.9-0.5) provided full PPE is used,
although according to the modelling RPE is not required to bring exposure
down to acceptable values. The largest contribution to worker exposure is
predicted to occur from the skin exposure during spraying.

3.11

Mixers and loaders must wear the following during mixing, loading, cleanup and repair activities:







3.12

Coveralls over long-sleeved shirt and long-legged trousers
Chemical-resistant gloves, such as barrier laminate or viton
Chemical-resistant footwear plus socks
Protective eyewear
Chemical-resistant apron when mixing or loading
Chemical-resistant headgear

Applicators must wear:
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Chemical-resistant gloves, such as barrier laminate or viton
Chemical-resistant footwear plus socks
Protective eyewear
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Post-application or re-entry worker exposures & risk assessment
3.17

The routes of exposure during post-application activities are analogous to
those for the operator, i.e. dermal and inhalation. However, the sources are
different: foliage, soil and dust may contribute as treated surfaces cause
pesticide residues to be transferred to the skin. Oral exposure may also occur
as a consequence of dermal exposure, i.e. through hand to mouth activities,
but is usually ignored except for children.

3.18

Most maintenance activities include frequent contact with the foliage of the
crop. Therefore, dermal exposure is considered to be the most important
exposure route during these re-entry activities. The amount of resulting
exposure (for a certain activity) depends on the amount of residue on
foliage, the intensity of contact with the foliage and the duration of contact.
Similarly, the dermal route is also expected to be the significant route of
exposure for members of the public using treated areas (e.g. golf courses).

3.19

Inhalation exposure may potentially occur from residual vapour and
airborne aerosols. Movement of the crop may also result in inhalation
exposure to aerosol/vapour as well as dust during re-entry activities.

3.20

Most re-entry activities are not expected to result in pesticide exposure
throughout the year, as MSMA is only applied to turf during warmer months
of the year. .

3.21

The extent of dermal absorption has been assumed to be 15% for re-entry
exposure assessment.

3.22

In accordance with ERMA New Zealand‘s requested approach, TCL used
the UK PSD Guidance for Post-Application (Re-Entry Worker) Exposure
Assessment (2008a) to model exposures for some New Zealand activities.44

3.23

The default assumption is that there is no dissipation of residues between
applications, although the risk from one application per crop (or 100%
dissipation between applications) has also been modelled.

44

http://www.pesticides.gov.uk/approvals.asp?id=2422&link=%2Fuploadedfiles%2FWeb%5
FAssets%2FPSD%2FRe%2Dentry%2520worker%2520guidance%5Ffinal%2520version%2Epdf
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Dermal Exposures:
Dislodgeable foliar residue (DFR)
3.24

The amount of residue on foliage depends on several factors, for example,
the application rate, targeting and retention of spray, crop type and the
amount of foliage (leaf area index). Moreover, dissipation of residues on
crop foliage over time depends on the physical and chemical properties of
the applied active substance as well as on environmental conditions. Where
experimentally determined dislodgeable foliar residue data are not available,
a worse case assessment of the initial DFR (DFR0), in a first tier
assessment, assumes 3 micrograms of active substance/square centimetre of
foliage/per kg a.s. applied/hectare (UK PSD, 2008a).

3.25

A DFR value of 0.368 μg/cm2 per kg as/ha applied is used, based on actual
data from Californian trials (MRID 449589-01 in US EPA, 2006b).

3.26

Transfer coefficient (TC)
The transfer of residues from the plant surface to the clothes or skin of the
worker can be regarded as more or less independent of the kind of product
applied and the level of exposure will depend on the intensity and duration
of contact with the foliage. This is also determined by the nature and
duration of the activity during re-entry. Therefore, it is possible to group
various crop habitats and re-entry activities. The EUROPOEM Group
recommended indicative TC values for potential dermal exposure for four
different harvesting scenarios. However, none of these scenarios are
relevant to the use patterns for MSMA. For other re-entry scenarios, TC
data may be extrapolated where the scenarios are considered to be
comparable, i.e. the intensity and duration of contact with the foliage is
similar (UK PSD, 2008a).

3.27

TCL did not find any suitable TC values in the European guidance
documents for the use of a herbicide for sports fields and parks, did find use
of a value which is for a suitable use pattern in the US EPA guidance. In
the US EPA review of organic arsenicals (EPA, 2006b), to take account of
transfer of residues from foliage to the clothes or skin of a worker, a TC
value of 6800 cm2/hr was used for hand weeding, transplanting, hand or
mechanical harvesting, and 3400 cm2/hr for mowing (HED‘s revised policy
entitled Policy 003.1 Science Advisory Council for Exposure Policy
Regarding Agricultural Transfer Coefficients (August 7, 2000) in US EPA,
2006b).

3.28

Predicted exposure for this scenario based on the PSD equation (by adding a
factor for dermal exposure and dividing by the worker‘s body weight) gives:
D = DFR x TC x % absorbed x WR x AR x P / BW
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Where:
D = Dermal Exposure [μg a.s./person*d]
DFR = Dislodgeable Foliar Residue per kg a.s./ha = 0.368 μg a.s./cm² per
kg a.s./ha
TC = Transfer Coefficient [cm²/person/h]
% absorbed = percentage dermal absorption
WR = Work Rate
AR = Application Rate
P = Penetration Factor for Clothing [= 1] which assumes no clothing such as
a long sleeved shirt is taken into account
BW = bodyweight (70 kg)
With PPE:
3.29

In the UK PSD interpretation of the German BBA Model for estimating
operator exposures to pesticides, during application it is assumed that 3% of
exposure occurs to the head, 19% to the hands and 78% to the rest of the
body. No PPE is proposed for use on the head so the P value for this is 1.0
(100% exposure). The model assumes the use of gloves reduces exposure
of the hands to 1% of what it would be without gloves, while coveralls and
sturdy footwear reduce the rest of the body exposure to 5% of that without
this protective clothing. Applying these figures to the Penetration Factor for
Clothing (P) in the above equation gives:

P = (exposure to head % x protection offered %) + (exposure to hands % x protection
offered %) + (exposure to rest of body % x protection offered %)
P = (0.03 x 1.0) + (0.19 x 0.01) + (0.78 x 0.05) = 0.0709
Inhalation Exposures:
3.30

Although in many cases inhalation exposure will be less significant for the
exposure assessment than dermal exposure, the EUROPOEM Group have
proposed task-specific factors that may be used for the first tier of an
exposure assessment relating to harvesting ornamentals and to the re-entry
of greenhouses approximately 8-16 hours after treatment (UK PSD, 2008a).

3.31

This approach may be used for non-volatile pesticides, where levels of
inhalation exposure (vapour and dust) would be expected to be low in
comparison with dermal exposure (UK PSD, 2008a).

3.32

As no greenhouse uses for MSMA have been proposed for New Zealand,
inhalation exposures for re-entry field workers have been taken to be
negligible (in comparison to potential dermal exposures) for the proposed
uses.
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Re-entry scenarios:
3.33

The New Zealand representative re-entry activities modelled are:
 Scenario 1: control of paspalum:
o hand weeding, transplanting, hand or mechanical harvesting;
o mowing;
 Scenario 2: eradication of paspalum in cool conditions:
 Scenario 3: eradication of paspalum in cool conditions:
o hand weeding, transplanting, hand or mechanical harvesting;
o mowing.

[Note: hand weeding, transplanting, hand or mechanical harvesting are
examples of high-contact activities described in the modelling; mowing is
an example of a low-contact activity.]
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Re-Entry Worker Exposure Estimates & Risk Assessment
Default Model with No PPE a
Scenario: Turf

1 Control

Eradication
(cool)

3 Eradication
(warm)

Application Rate
(AR)
[kg a.s./ha]

Work Rate
(WR)
[hours/day]

Dislodgeable Foliar
Residue (DFR) b
[μg a.s./cm² per kg
a.s./ha]
0.368

Transfer Coefficient

6800

0.368

3400

154.4 [77.2] f

5 [3] e

8

0.368

6800

926.6 [154.4] g

29 [5] e

21.6

8

0.368

3400

463.3 [7.7] g

hand weeding, transplanting,
hand or mechanical harvesting

21.6

8

0.368

6800

926.6 [231.7] h

29 [7] e

mowing

21.6

8

0.368

3400

463.3 [11.6] h

15 e [0.4]

hand weeding, transplanting,
hand or mechanical harvesting

7.2

8

mowing

7.2

8

hand weeding, transplanting,
hand or mechanical harvesting

21.6

mowing

(TC)
[cm²/person/h]

a

UK PSD Guidance for Post-Application (Re-Entry Worker) Exposure Assessment (UK PSD, 2008a) with TC values from US EPA 2006b;

b

default values for first tier assessment
D = DFR x TC x % absorbed x WR x AR x P / BW
Where: % absorbed = percentage dermal absorption (15%); BW = bodyweight (70 kg)

c

Risk Quotient

Dermal Exposure
(D) c
[μg a.s./person/d]
308.9 [154.4] f

(RQ)d
10 [5] e

15 e [0.2]

P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a long sleeved shirt is taken into account
d

RQ = Total Estimated Occupational Exposure / AOEL where AOEL = 0.032 mg/kg b.w./day

e

RQ > 1 indicates the likelihood of an unacceptable risk to those exposed

f

assumes 2 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation between applications

g

assumes 6 treatments per crop, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation between applications

h

assumes 4 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation between applications
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Re-Entry Worker Exposure Estimates & Risk Assessment
with PPE – gloves, coverall and sturdy footwear a
Scenario: Turf

1 Control

2 Eradication
(cool)

3 Eradication
(warm)
a

Application Rate
(AR)
[kg a.s./ha]

Work Rate
(WR)
[hours/day]

Dislodgeable Foliar
Residue (DFR) b

hand weeding, transplanting,
hand or mechanical harvesting

7.2

8

0.368

Mowing

7.2

8

0.368

Transfer Coefficient

Dermal Exposure
(D) c
[μg a.s./person/d]

Risk
Quotient

6800

21.9

0.7

3400

10.9 f

(TC) [cm²/person/h]

[μg a.s./cm² per kg
a.s./ha]

hand weeding, transplanting,
hand or mechanical harvesting

21.6

8

0.368

6800

65.7 [11.0]

Mowing

21.6

8

0.368

3400

32.9 g

hand weeding, transplanting,
hand or mechanical harvesting

21.6

8

0.368

6800

65.7 [16.4]

Mowing

21.6

8

0.368

3400

32.9 h

(RQ)d

0.3
g

e

2 [0.3]
1

h

e

2 [0.5]
1

UK PSD Guidance for Post-Application (Re-Entry Worker) Exposure Assessment (UK PSD, 2008a) with TC values from US EPA 2006b;

b

default values for first tier assessment
D = DFR x TC x % absorbed x WR x AR x P / BW
Where: % absorbed = percentage dermal absorption (15%); BW = bodyweight (70 kg)
c

P = Penetration Factor for Clothing [= 0.0709] which assumes gloves, coveralls and sturdy boots are taken into account
d

RQ = Total Estimated Occupational Exposure / AOEL where AOEL = 0.032 mg/kg b.w./day

e

RQ > 1 indicates the likelihood of an unacceptable risk to those exposed

f

assumes 2 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation between applications

g

assumes 6 treatments per crop, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation between applications

h

assumes 4 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation between applications
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Discussion and conclusions on re-entry worker exposure estimates in some
representative New Zealand activities:
3.35

Re-entry worker exposure estimates for some representative New Zealand
occupational activities were modelled using the UK PSD Guidance for PostApplication (Re-Entry Worker) Exposure Assessment (2008a). The model
did assume re-entry as soon as the spray had dried; the largest Task Specific
Factors (US EPA, 2006b); and, a mixture of the UK PSD default values or
trial-based data.

3.36

In each scenario with the default model that assumes no PPE was used, and
no dissipation between applications the estimated dermal exposures and
hence total exposures give RQs in excess of 1, indicating an unacceptable
risk. However, if 100% dissipation was to occur between applications, then
mowing after paspalum eradication treatments, Scenarios (2) & (3) were
estimated to pose an acceptable risk.

3.37

Even where protective clothing is factored in, the resulting RQs are still in
excess of 1, assuming no dissipation between applications, indicating an
unacceptable risk, for high-contact activities, such as hand weeding,
transplanting, hand or mechanical harvesting, after paspalum eradication
applications (Scenarios 2&3). The estimated risks for low-contact activities,
such as mowing, are borderline (RQ= 1) after paspalum eradication
applications (Scenarios 2&3). The estimated risks for both low- and highcontact activities after paspalum control applications (Scenario1) are
acceptable (RQ = 0.3 and 0.7).However, if 100% dissipation was to occur
between applications, then all the activities were estimated to pose an
acceptable risk with PPE. But it may be unrealistic to expect a tractor driver
doing mowing to wear gloves during the operation, even though the
modelling indicates this is necessary to give an acceptable RQ value.

3.38

No re-entry intervals (REIs) for workers were estimated as no appropriate
information was available to set them. Looking at the risk from a
qualitative perspective, the risks from a small amount of hand maintenance
and minor repair needed to sports turf is considered unlikely to represent a
significant risk provided. Particularly as the modelling was based on 8 hours
activity per day.

3.39

In addition, given the proposed uses cover public-access areas, REIs may
not be a feasible control option. It is noted that the current label under the
heading ―Precautions‖ contains the following statement: ―Treated areas
should not be re-entered for 24 hours after application.‖

3.40

The following PPE for early re-entry (for high-contact activities such as turf
maintenance), are recommended:





Coveralls or long sleeved shirt and long trousers;
Chemical resistant gloves;
Chemical resistant footwear plus socks;
Protective eyewear.
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4

BYSTANDER & RESIDENT EXPOSURE & RISK ASSESSMENT

Bystander and resident exposure & risk assessment
Introduction
4.1

The main potential source of exposure to the general public (bystander or
resident) from MSMA (other than via food residues) is via spray drift.
Bystander exposures would be intermittent in comparison to exposure of
workers, who are handling the pesticide throughout the application. In
addition, spray densities, and hence exposure levels drop off with distance
from spraying operations.

4.2

TCL notes that any potential bystanders will not be directly handling the
substance, and they will not be wearing PPE.

4.3

No New Zealand monitoring studies of airborne MSMA at application sites
are available to estimate possible public exposure.

4.4

UK PSD Bystander Exposure Guidance Document (UK PSD, 2008b) gives
models for estimating bystander exposure in three circumstances:
• Exposure from spray drift at the time of application;
• Exposure from inhalation of pesticide which volatilises from the crop or
soil surface after the application has been made; and
• Exposure through contact with spray drift contaminated surfaces.

Exposure from spray drift at the time of application
4.5

The levels of spray drift deposited on the body of a bystander/ resident and
that which may be in the breathing zone can be estimated. The amounts of
active substance absorbed through the skin and inhaled can be estimated.
For the bystander, it should be assumed that no action is taken to avoid or
control exposure and that little clothing is worn.

4.6

Measurements of bystander exposure during UK field crop spraying and
orchard spraying applications have been reported by Lloyd and Bell, 1983
and Lloyd et al, 1987. For boom sprayers the average potential dermal
exposure (PDE) for a bystander, positioned 8 metres downwind from the
sprayer and the average amount of spray passing through the breathing zone
were 0.1 ml spray/person and 0.006 ml spray/person, respectively [in UK
PSD 2008b].

4.7

Using these data total systemic exposure from spray drift at the time of
application can be estimated as follows:
Systemic exposure = (PDE x SC x % absorbed + PIE x SC x 100%) / BW

Page 212 of 272

February 2009

MSMA Reassessment – Application

Where:
PDE = potential dermal exposure (ml spray)
PIE = potential inhalation exposure (ml spray)
SC = concentration of active substance in spray (mg a.s./ml spray)
% absorbed = percentage dermal absorption (15%)
BW = bodyweight (70kg)

Exposure from inhalation of pesticide which volatilises from the crop or soil surface
after the application has been made
4.8

The potential exists for longer term exposure to pesticide vapour which may
occur after the plant protection product has been applied, but in the case of
MSMA which has a low vapour pressure (1 x 10-6 Pa) this exposure route is
unlikely to be significant and detailed estimates have not been done.

Exposure through contact with spray drift contaminated surfaces
4.9

It is possible that spray drift fallout from applications may be deposited in
private gardens adjacent to treated areas, and individuals in such locations
may become exposed through contact with such deposits. A possible
scenario that illustrates a significant opportunity for exposure would be
children playing in a garden which has been subject to spray drift fallout. It
is possible to estimate such exposures using spray drift fallout values used
for aquatic risk assessment purposes (Rautmann et al, 2001) and the
approach used by the United States Environmental Protection Agency to
estimate residential exposure from contact with treated lawns (USA EPA
1998 / 1999 / 2001). For applications made to high crops such as tree fruit
using broadcast air assisted sprayers levels of drift would be expected to be
higher than those made to vines (Rautmann et al, 2001) and an average drift
value of 10% should be used instead of the 5.4% which is used for
applications to low crops with boom sprayers [UK PSD 2008b].

4.10

For products which may be applied to crops on more than one occasion the
theoretical worse case is to consider children‘s exposure from the maximum
total dose which may be applied, i.e. to assume that there is no dissipation in
foliar residues between successive treatments. This approach may be refined
where data are available to refine the estimated residues, but none such is
available for MSMA in New Zealand.

4.11

The small child playing on a lawn leads to three potential exposures: dermal
(skin contact); hand-to-mouth (sucking contacted fingers and thumbs); and,
object-to-mouth (eating/sucking soil, grass).

Children’s dermal exposure
4.12

Systemic exposures via the dermal route were calculated using the above
drift fallout values and the following equation:

MSMA Reassessment – Application

February 2009

Page 213 of 272

SE(d) = AR x DF x TTR x TC x H x DA / BW
Where:
SE(d) = systemic exposure via the dermal route
AR = field application rate (μg/cm2)
DF = drift fallout value
TTR = turf transferable residues
TC = transfer coefficient
H = exposure duration for a typical day (hours) – this has been assumed to
be 2 hours which matches the 75th percentile for toddlers playing on grass
in the EPA Exposure Factors Handbook
DA = percent dermal absorption (15%)
BW = body weight - 15kg which is the average of UK 1995-7 Health
Surveys for England values for males and females of 2 and 3 yrs
Children’s hand-to-mouth exposure
4.13

Hand-to-mouth exposures were calculated using turf transferable residue
levels using the following equation:
SE(h) = AR x DF x TTR x SE x SA x Freq x H / BW
Where:
SE(h) = systemic exposure via the hand-to-mouth route
AR = field application rate (μg/cm2)
DF = drift fallout value
TTR = turf transferable residues
SE = saliva extraction factor – the default value of 50% was used
SA = surface area of the hands – the assumption used here is that 20 cm2 of
skin area is contacted each time a child puts a hand in his or her mouth (this
is equivalent to the palmar surface of three figures and is also related to the
next parameter)
Freq = frequency of hand to mouth events/hour – for short term exposures
the value of 20 events/hours is used, this is the 90th percentile of
observations that ranges from 0 to 70 events/hour
H = exposure duration (hours) – this has been assumed to be 2 hours which
matches the 75th percentile for toddlers playing on grass in the EPA
Exposure Factors Handbook
BW = body weight - 15kg which is the average of UK 1995-7 Health
Surveys for England values for males and females of 2 and 3 yrs

Children’s object-to-mouth exposure
4.14

Object to mouth exposures were calculated using turf transferable residue
levels using the following equation:
SE(o) = AR x DF x TTR x IgR / BW
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Where:
SE(o) = systemic exposure via mouthing activity
AR = field application rate (μg/cm2)
DF = drift fallout value
TTR = turf transferable residues
IgR = ingestion rate for mouthing grass/day – this was assumed to be
equivalent to 25cm2 of grass/day
BW = body weight – 15kg which is the average of UK 1995–7 Health
Surveys for England values for males and females of 2 and 3 yrs.
Children’s incidental ingestion of soil (US EPA, 2006b)
4.15

The approach used to calculate doses that are attributable to soil ingestion
is:
ADOD = AR x F x IgR x SDF / BW
Where:
ADOD = oral dose on day of application (mg/kg/day)
ARmg/cm2 = application rate (mg/cm2)
F = fraction or residue retained on uppermost 1 cm of soil (%) (note: this is
an adjustment from surface area to volume)
SDF = soil density factor -- volume of soil (cm3) per microgram of soil;
IgR = ingestion rate of soil (mg/day)
BW = body weight (kg)
Assumptions:
F - fraction or residue retained on uppermost 1 cm of soil is 100 percent
based on soil incorporation into top 1 cm of soil after application
(1.0/cm)
SDF = soil density factor -- volume of soil (cm3) per gram of soil; to weight
6.7 x 10-4 cm3/mg soil)
IgR - ingestion rate of soil is 100 mg/day
BW - body weight of a toddler is 15 kg

Golfer / High Contact Activity
4.16

Systemic exposures via the dermal route from treated turf were calculated
using the following equation (US EPA, 2006b):
ADDD = TTR x TC x ET x DA / BW
Where:
ADDD = Dermal exposure at on day of application attributable for activity
in a previously treated area (mg/kg/day)
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ARmg/cm2 = application rate (mg/cm2)
F = fraction of residue transferable from treated turf (%)
TC = Transfer Coefficient (cm2/hour);
ET = Exposure Time (hours/day);
DA = Dermal Absorption (5); and
BW = Body Weight (kg)
Assumptions:
F - fraction of residue transferable from treated turf is 5%; dislodgeable
from garden foliage is 20%;
TC - The assumed transfer coefficients (TCs) for adults and children
performing short-term high contact activities on treated turf are 14,500 and
5,200 cm2/hour, respectively. The assumed transfer coefficients (TCs) for
adults and children performing short-term high contact activities in treated
gardens are 10,000 and 5,000 200 cm2/hour, respectively. Golfing, mowing
and other low contact activities were assumed to have a TC of 500
cm2/hour.
ET - exposure time for high contact activities on residential lawns is 2
hours; exposure time for adults and children while gardening are 0.67 and
0.33 hours, respectively.; exposure time while golfing is 4 hours.
DA - Dermal absorption is 30%
BW - body weight for a toddler is 15 kg; for a youth is 39 kg; for an adult is
70 kg.

4.17

.18

4.19

In accordance with ERMA New Zealand‘s request, TCL applied these
models to the three potential New Zealand use patterns: boom spraying to
control paspalum; eradication of paspalum in cool conditions; and,
eradication of paspalum in warm conditions.
For non-cancer (or toxicological endpoints with thresholds) risks, the
estimated exposures to MSMA are compared to AOEL(s) to determine the
Risk Quotient (RQ).
Organic arsenicals are stable to hydrolysis and photolysis but in many
conditions, they can be subject to microbial metabolism in soil under
aerobic and anaerobic conditions. The occurrence, rate, and products of this
metabolism are variable, dependent on environmental conditions.
Persistence of applied parent compounds can range from days to years,
depending on environmental conditions. Although it may convert to
different forms, however, the arsenic in these pesticides does not disappear;
arsenic from pesticides is not lost but redistributed and transformed
throughout the environment. Organic arsenicals and their metabolites are
strongly sorbing and are expected to be relatively immobile in soil in most
conditions (US EPA, 2006d).
[Lee-Steere (2008) reviewing the environmental fate of MMA, reported that
19% of the applied MMA was converted to inorganic As within a year
under aerobic soil conditions in a GLP study conducted to US EPA
Guidelines. However, the reviewer noted from other reports that the extent
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of inorganic As formation varied markedly, depending on soil moisture,
temperature, organic matter, and oxygen status.]
4.20

It is impossible to determine the exact concentration of each species that
will be present at any one time and each species will reach its highest level
at different times. When the concentration of one species is at its highest,
the other species‘ concentration will be lower (US EPA, 2006d).

4.21

The same models for Exposure through contact with spray drift
contaminated surfaces estimated exposure can be used to indicate the
maximum amount of arsenic that may be in soil as a sum of all species
present. To account for the lower bioavailability of arsenic in aged soils, a
dermal absorption factor of 0.045 (4.5%) is used. To present the ―worstcase‖ situation, risks are also considered assuming that all this arsenic is
inorganic.

4.22

For cancer risks with no thresholds, the estimated exposures to inorganic
arsenic are compared to the risk-specific daily dose (RSDD) of 0.0086
μg/kg-bw. [―Acceptable risk‖ is taken as 1 extra (above background) cancer
death in 10,000 population as a consequence of exposure at the risk-specific
daily dose.]

4.23

Predicted cancer risks are based on life-time exposures (70 years). As
children are likely only to be exposed via hand-mouth, object-mouth and
soil ingestion according to the scenarios assessed for less than the first 5
years of life, the predicted risk is reduced by that proportion of years of
exposure (5/70).

4.24

The Estimated Cancer Risk (ECR) is additional risk, due to the existing
risks posed by background levels of inorganic arsenic in the environment
from natural (e.g. geological) and other anthropogenic sources.
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MSMA/MMA: Bystander Exposure Estimates and (Non-Cancer) Risk Assessment a

Spray drift

Field crop (boom) sprayers c
Paspalum Control

Paspalum Eradication

Paspalum Eradication

(Cool)

(Warm)

Scenario
Exposure

Risk Quotient
(RQ) g

Exposure

Risk Quotient
(RQ) g

Exposure

Risk Quotient
(RQ) g

Exposure from spray drift at the
time of application
(per application)
(mg/kg bw/day)

Adult (70kg)

0.0027

<0.1

0.0027

<0.1

0.0041

0.1

Child (15kg)

0.0126

0.4

0.0126

0.4

0.0189

0.6

Exposure through contact with
spray drift
contaminated
surfaces (cumulative)
(mg/kg bw/day)

Child‘s dermal exposure

0.004 d

0.011 e

0.011

Child‘s hand-to-mouth exposure

0.001 d

0.003 e

0.003 f

Child‘s object-to-mouth
exposure

0.0002 d

0.0007 e

0.0007 f

Child‘s soil ingestion b

0.0003 d

0.001 e

0.001

Child‘s total exposure

0.005 d

a

UK PSD Bystander Exposure Guidance Document (2008b);
Where:

b

0.2

0.015 e

0.5

f

f

0.015 f

0.5

US EPA (2006b)

Dermal absorption = 15%;
Inhalation absorption = 100%

c

drift fallout value (DF) = 1%;

d

assumes 2 treatments per year, with no dissipation;

e

assumes 6 treatments per crop, with no dissipation;

f

assumes 4 treatments per year, with no dissipation;

g

RQ = Estimated Residential Exposure / AOEL where AOEL = 0.032 mg/kg b.w./day

h

RQ > 1 indicates the likelihood of an unacceptable risk to those exposed
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MSMA/MMA: Bystander Exposure Estimates and (Non-Cancer) Risk Assessment a

Treated Turf

Field crop (boom) sprayers
Paspalum Control

Paspalum Eradication

Paspalum Eradication

(Cool)

(Warm)

Scenario

Exposure through contact with
spray drift
contaminated
surfaces (cumulative)
(mg/kg bw/day) b

Exposure

Risk Quotient
(R
Q) g

Exposure

Risk Quotient
(R
Q) g

Exposure

0.015 d

0.5 [0.25]

0.046 e

1.4 [0.2]

0.046

f

1.4 [0.4]

0.9 [0.45]

0.083

e

3 [0.5]

0.083

f

3 [0.8]

Golfer: Adult

d

Risk Quotient
(R
Q) g

Golfer: Youth (10-12 yrs)

0.028

High Contact: Adult

0.224 d

7

0.671 e

20 h

0.671

f

20 h

High Contact: Child

0.374 d

12 h

1.123 e

35 h

1.123 e

35 h

a

US EPA (2006b)
ADDD = AR x TTR x TC x ET x DA / BW
Where:
ADDD = Dermal exposure at on day of application attributable for activity in a previously treated area (mg/kg/day)
ARmg/cm2 = application rate (mg/cm2)
F = fraction of residue transferable from treated turf (5 %)
TC = Transfer Coefficient (Golfer: 500; High contact, adult: 14,500 cm2/hour; High contact, child: 5,200 cm2/hour);
ET = Exposure Time (Golfer: 4; High contact: 2 hours/day);
DA = Dermal Absorption (15%); and
BW = Body Weight (kg)
d
assumes 2 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation between applications
b

e

assumes 6 treatments per crop, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation between applications

f

assumes 4 treatments per year, with no dissipation; [ ] assumes 1 treatment per year, or with 100% dissipation between applications

g

RQ = Estimated Residential Exposure / AOEL where AOEL = 0.032 mg/kg b.w./day

h

RQ > 1 indicates the likelihood of an unacceptable risk to those exposed
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Inorganic Arsenic: Bystander Exposure Estimates and (Cancer) Risk Assessment a
Field crop (boom) sprayers c
Paspalum Control
Scenario
Exposure
(μg/kg bw/day)
Exposure
through contact
with spray drift
contaminated
surfaces
(cumulative)

a

Exposure
(μg/kg bw/day)

Estimated
Cancer Risk
(ECR) g

Paspalum Eradication
(Warm)
Exposure
(μg/kg bw/day)

Child‘s dermal exposure

0.515 [0.098] d

1.545 [0.294] e

1.545 [0.294]

Child‘s hand-to-mouth
exposure

0.44 [0.084] d

1.32 [0.251] e

1.32 [0.251] f

Child‘s object-to-mouth
exposure

0.11 [0.021] d

0.33 [0.063] e

0.33 [0.063] f

Child‘s soil ingestion b

0.15 [0.029] d

0.45 [0.086] e

0.45 [0.086] f

Child‘s total exposure

1.215 [0.231] d

UK PSD Bystander Exposure Guidance Document (2008b);
Where:

c

Estimated
Cancer Risk
(ECR) g

Paspalum Eradication
(Cool)

b

10 [2] h

3.645 [0.693] e

30 [6] h

Estimated
Cancer Risk
(ECR) g

f

3.645 [0.693] f

30 [6] h

US EPA (2006b)

Dermal absorption = 4.5%;

drift fallout value (DF) = 1%;

d

assumes 2 treatments per year, with no dissipation (7200g MSMA/ha →3300g iAs/ha); [ ] assumes only 19% conversion of MSMA to inorganic arsenic in the year (→627g
iAs/ha);
e

assumes 6 treatments per crop, with no dissipation (21600g MSMA/ha →9900g iAs/ha); [ ] assumes only 19% conversion of MSMA to inorganic arsenic in the year
(→1881g iAs/ha);
f

assumes 4 treatments per year, with no dissipation (21600g MSMA/ha →9900g iAs/ha); [ ] assumes only 19% conversion of MSMA to inorganic arsenic in the year
(→1881g iAs/ha);

g

ECR = Estimated Residential Exposure / RSDD x Child Exposure (yr) / Life-time (yr): where risk-specific daily dose = 0.0086 μg/kg-bw; risk as proportion of life-time =
5/70;

h

ECR > 1 indicates the likelihood of an unacceptable risk to those exposed (>1 additional cancer death in 10,000 population).

Page 220 of 272

February 2009

MSMA Reassessment – Application

Inorganic Arsenic: Child Exposure Estimates and (Cancer) Risk Assessment
Soil Ingestion using PECsoil a
Scenario 1
Paspalum Control
Exposure c
(μg/kg bw/day)

Estimated
Cancer Risk
(ECR) g

Exposure c
(μg/kg bw/day)

Estimated
Cancer Risk
(ECR) g

0.034

0.3

0.103

0.9

0.017

0.1

0.051

0.4

0.2

1.7 h

PECsoil Year 1: 5cm b
PECsoil Year 1: 10cm
PECsoil Year 5 or 2
a
b

c
d
g

h

Scenario 2 & 3
Paspalum Eradication

b

bd

0.15

1.3

h

US EPA (2006b)
PEC = Predicted Environmental Concentration of total arsenic in soil from MSMA use soil
concentrations from Environmental Fate Modelling
see Tox Appendix 5 for formulae;
Year 5 and 30 for Scenario 1; Year 2 and Max. for Scenarios 2 & 3 due to the intermittent use pattern;
ECR = Estimated Residential Exposure / RSDD x Child Exposure (yr) / Life-time (yr): where riskspecific daily dose = 0.0086 μg/kg-bw; risk as proportion of life-time = 5/70;
ECR > 1 indicates the likelihood of an unacceptable risk to those exposed (>1 additional cancer death
in 10,000 population).

Conclusions on bystander and residential exposure estimates from spray drift and
treated turf:
4.24

The Tables above summarise bystander and residential exposure estimates.
The estimated exposures from the UK PSD / US EPA models for scenarios
with paspalum, indicate that absorbed doses give non-cancer RQs of < 1
(acceptable risk).

4.25

Specific assessment of golfers on treated turf predicted marginal to
unacceptable non-cancer risk (RQs 0.5 to 3), when it is assumed that no
dissipation occurs between applications. However, for golfers it is likely
that mowing and new growth would have occurred limiting MSMA/MMA
build-up between applications. Assuming 100% dissipation between
applications, the estimated non-cancer risks to golfers are acceptable. In
addition, this default model assumes the golfers play a round a day which is
clearly unlikely. High-contact activities by adults, and children for all
scenarios are high risk (non-cancer), particularly on turf treated to eradicate
paspalum (Scenarios 2 & 3; RQ = 20 & 35).

4.26

Estimated exposures to inorganic arsenic from aged soils by children
playing on contaminated surfaces raise concerns of elevated life-time cancer
risks, even after only 1 year of treatment when calculated by bystander
methods. Modelling using PECsoil values indicate a lower risk due to the
lower inorganic As levels predicted. The level of concern would depend on
the amount of arsenic that actually remained on-site (versus runoff or
leaching) and the proportion converted to the more toxic inorganic As.

4.27

The estimated life-time cancer risks are from the proposed use of MSMA
herbicides, and are in addition to the cancer risks posed by inorganic arsenic
already in the environment from nature and other anthropogenic sources.
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5

PREDICTIONS ON CANCER RISK FROM INORGANIC ARSENIC RESULTING FROM
THE USE OF MSMA IN DRINKING WATER

5.1

Environmental fate modelling indicates that the use of MSMA herbicides may
result in inorganic arsenic residues ending up in surface and ground water, both
drinking water sources in New Zealand.

5.2

On turf, all estimated concentrations are the result of MMA application. MMA
may also metabolise to inorganic arsenic. It is impossible to determine the exact
concentration of each species that will be present at any one time and each species
will reach its highest level at different times. Since it is possible that all arsenic
would be present in the form of inorganic arsenic, this estimated concentration
also represents the maximum potential concentration of inorganic arsenic.

5.3

Predicted total arsenic surface water concentrations (Lee-Steere, 2008) are given
below:

Table 11 – Predicted Total Arsenic Surface Water Concentrations (µg/L) From
Combined Spray Drift and Runoff (Lee-Steere, 2008)
Scenario 1

Scenario 2

Runoff

Spray
drift

Total

Runoff

Spray
drift

Total

Minimum Runoff (3% slope; 2
mm runoff)

0.3

6.6

6.9

1.0

19.3

20.3

Maximum Runoff (10% slope; 10
mm runoff)

2.5

6.6

9.1

7.6

19.3

26.9

These levels are in terms of total arsenic. To convert these values to the
corresponding MMA value (assumes all available arsenic is therefore present as
MMA following application), they are multiplied by 1.87.
5.4

The following table shows predicted groundwater concentrations after 1 and 5
years continual use (scenario 1) and 2 years (scenario 2), based on a soil with 5%
organic carbon and a soil Kd of 11.4 L/kg:

Table 13 – Predicted Arsenic Soil Groundwater Accumulation Levels (µg As/L) (LeeSteere, 2008).

Groundwater concentration (µg As/L)

Scenario 1

Scenario 2

1 year

5 years

2 years

4.5

22.7

27.2

These concentrations assume no mixing or recharge of groundwater over the
course of the modelling cycle, and no dissipation of arsenic from the groundwater
during this period.
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5.5

Using these PECSW and PECGW figures, and default water consumption values
(2L/day) for a 70kg adult, the resultant estimated exposures to inorganic arsenic
can be compared to the risk-specific daily dose = 0.0086 μg/kg-bw/day.

Predicted Inorganic Exposures from Drinking Water & Cancer Risk Assessment
Scenario 1

Scenario 2 & 3

Surface
Water

Runoff

Spray drift

Total

Runoff

Spray drift

Total

PECSW

0.3

6.6

6.9

1.0

19.3

20.3

0.0086

0.1886

0.1971

0.0286

0.5514

0.58

ECR b

1c

22 c

23 c

3c

64 c

67 c

PECSW

2.5

6.6

9.1

7.6

19.3

26.9

0.0714

0.1886

0.26

0.2171

0.5514

0.7686

8c

22 c

30 c

25 c

64 c

89 c

Min Runoff
(μg inorganic
As/L)
Consumption
(μg/kg bw/d)

a

Min Runoff
(μg inorganic
As/L)
Consumption
(μg/kg bw/d) a
ECR b
Ground
Water
PECGW

Scenario 1

Scenario 2 & 3

1 Year

5 Years

2 Years

4.5

22.7

27.2

0.1286

0.6486

0.7771

15 c

75 c

90 c

(μg inorganic
As/L)
Consumption
(μg/kg bw/d)
ECR b

a

a

Consumption 2 L/day, 70 kg adult; PEC x 2 / 70;

b

ECR = Estimated Drinking Water Exposure / RSDD where risk-specific daily dose = 0.0086 μg/kg-bw

c

ECR > 1 indicates the likelihood of an unacceptable risk to those exposed (>1 additional cancer death in
10,000 population).

Conclusions on drinking water exposures to inorganic arsenic and cancer risk
assessment:
5.6

In each case the predicted drinking water exposures from the various PEC SW or
PECGW figures for inorganic arsenic from MSMA use indicate concerns for
additional cancer deaths over 1 in 10,000 population. These risks are in addition
to those from background exposures to arsenic (arsenic arising from other sources
than MSMA use). However, it is noted that the assumption on which this
assessment is based (lack of mixing and discharge) is very precautionary.
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SUMMARY AND CONCLUSIONS

6

6.1

TCL estimated occupational and bystander/resident exposures to MSMA
from proposed uses in turf to control grass weeds and assessed the risks
posed.

6.2

The activities are summarised in the following Table:
Application

Scenario
1

2

3

Equipment

Turf (to
reduce the
development
of paspalum
seed heads
in turf)

tractor mounted/trailed
boom sprayer:
hydraulic nozzles

Turf (cool
areas: to
eradicate
paspalum)

tractor mounted/trailed
boom sprayer:
hydraulic nozzles

Turf (warm
areas: to
eradicate
paspalum)

tractor mounted/trailed
boom sprayer:
hydraulic nozzles

Rate
(kg a.i./ha/
application)

Formulation
(L/ha)

Number
applications
per crop

Work rate
(ha/day) *

3.6

400

2

20

400

6

20

400

4

20

(6 L/ha)

3.6
(6 L/ha)

5.4
(9 L/ha)

* In all scenarios the default value for the German BBA model is used in the absence of specific work
rate information for New Zealand

Operator exposures and risk assessment:
6.3

Operator (mixer/loader/applicator) exposures are estimated using the United
Kingdom Pesticide Safety Directorate‘s (UK PSD) interpretation of the
German BBA Model. The derived values consider both dermal and
inhalation exposure routes using the geometric mean model.

6.4

The risks to operators using boom spraying in turf applications are marginal
(Risk Quotient, RQ = 0.9-0.5) when full PPE and RPE are used. The
greatest contribution to exposures predicted to occur through the skin during
spraying.

6.5

Mixers and loaders must wear the following during mixing, loading, cleanup and repair activities:
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 Chemical-resistant apron when mixing or loading
 Chemical-resistant headgear
6.6

Applicators must wear:





Coveralls over long-sleeved shirt and long-legged trousers
Chemical-resistant gloves, such as barrier laminate or viton
Chemical-resistant footwear plus socks
Protective eyewear

Re-entry worker exposures and risk assessment:
6.7

Re-entry worker exposure estimates for some representative New Zealand
occupational activities were modelled using the UK PSD Guidance for PostApplication (Re-Entry Worker) Exposure Assessment (2008a). The model
assumed re-entry as soon as the spray had dried; the largest Task Specific
Factors (US EPA, 2006b); and, a mixture of the UK PSD default values or
trial-based data.

6.8

In each scenario with the default model that assumes no PPE was used, and
no dissipation between applications the estimated dermal exposures and
hence total exposures give RQs in excess of 1, indicating an unacceptable
risk. However, if 100% dissipation was to occur between applications, then
mowing after paspalum eradication treatments, Scenarios (2) & (3), was
estimated to pose an acceptable risk.

6.9

Even where protective clothing is factored in, the resulting RQs are still in
excess of 1, assuming no dissipation between applications, indicating an
unacceptable risk, for high-contact activities, such as hand weeding,
transplanting, hand or mechanical harvesting, after paspalum eradication
applications (Scenarios 2 & 3). The estimated risks for low-contact
activities, such as mowing, are borderline (RQ = 1) after paspalum
eradication applications (Scenarios 2 & 3). The estimated risks for both
low- and high-contact activities after paspalum control applications
(Scenario 1) are acceptable (RQ = 0.3 and 0.7). However, if 100%
dissipation was to occur between applications, then all the activities were
estimated to pose an acceptable risk with PPE. But it may be unrealistic to
expect a tractor driver doing mowing to wear gloves during the operation,
even though the modelling indicates this is necessary to give an acceptable
RQ value.

6.10

No re-entry intervals (REIs) for workers were estimated as no appropriate
information was available to set them. Looking at the risk from a
qualitative perspective, the risks from the small amount of hand
maintenance and minor repair needed to sports turf is considered unlikely to
represent a significant risk provided basic protection such as gloves is worn.

6.11

In addition, given the proposed uses cover public-access areas, REIs may
not be a feasible control option. It is noted that the current label under the
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heading ―Precautions‖ contains the following statement: ―Treated areas
should not be re-entered for 24 hours after application.‖
6.12

The following PPE for early re-entry (for high-contact activities such as turf
maintenance), are recommended:





Coveralls over long sleeved shirt and long trousers;
Chemical resistant gloves;
Chemical resistant footwear plus socks;
Protective eyewear.

Bystander and resident exposures and risk assessment:
6.13

The estimated exposures from the UK PSD / US EPA models for scenarios
with paspalum, indicate that absorbed doses give non-cancer RQs of < 1
(acceptable risk).

6.14

Specific assessment of golfers on treated turf predicted marginal to
unacceptable non-cancer risk (RQs 0.5 to 3), when it is assumed that no
dissipation occurs between applications. However, for golfers it is likely
that mowing and new growth would have occurred limiting MSMA/MMA
build-up between applications. Assuming 100% dissipation between
applications, the estimated non-cancer risks to golfers are acceptable. In
addition, this default model assumes the golfers play a round a day. Highcontact activities by adults, and children for all scenarios are high risk (noncancer), particularly on turf treated to eradicate paspalum (Scenarios 2 & 3;
RQ = 20 & 35).

6.15

Estimated exposures to inorganic arsenic from aged soils by children
playing on contaminated surfaces raise concerns of elevated life-time cancer
risks, even after only 1 year of treatment when calculated by bystander
methods. Modelling using PECsoil values indicate a lower risk due to the
lower inorganic As levels predicted. The level of concern would depend on
the amount of arsenic that actually remained on-site (versus runoff or
leaching) and the proportion converted to the more toxic inorganic As.

6.16

The estimated life-time cancer risks are from the proposed use of MSMA
herbicides, and are in addition to the cancer risks posed by inorganic arsenic
already in the environment from nature and other anthropogenic sources.

Drinking water exposures to inorganic arsenic and cancer risk assessment:
6.4.1

The various PECSW or PECGW figures for inorganic arsenic from MSMA
use give predicted drinking water exposures indicating concerns for
additional cancer deaths over 1 in 10,000 population, based on default adult
consumption (1 to 90 in 10,000 depending on the source; input and timeframe). These risks are in addition to those from background exposures to
arsenic (arsenic arising from other sources than MSMA use). However, it is
noted that the assumption on which this assessment is based (lack of mixing
and discharge) is very precautionary.
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Tox Appendix 1:

Re-entry Worker Exposure Estimate and Risk Assessment

Scenario 1: Control of paspalum (6L/ha with 2 applications per year)
Re-entry by a worker for hand weeding, transplanting, hand or mechanical
harvesting: dermal exposure [examples of high-contact activities].
Assuming an application of 900g MSMA SC in 100 litres water that may be applied up
to 2 times per year, therefore the maximum total dose is 7.2 kg a.s./ha (2 x 3.6).
This estimate assumes no dissipation of residues between treatments.
A working day of 8 hours is assumed.
For the transfer of residues from foliage to the clothes or skin of a worker, a TC value of
6800 cm2/hr is used for hand weeding, transplanting, hand or mechanical harvesting
(HED‘s revised policy entitled Policy 003.1 Science Advisory Council for Exposure
Policy Regarding Agricultural Transfer Coefficients (August 7, 2000) in US EPA,
2006b).
A DFR value of 0.368 μg/cm2 per kg as/ha applied is used (actual data from Californian
trials: MRID 449589-01 in US EPA, 2006b).
Predicted exposure for this scenario is thus
D = DFR x TC x % absorbed x WR x AR x P / BW
Where:
D = Dermal Exposure [μg a.s./person*d]
DFR = Dislodgeable Foliar Residue per kg a.s./ha = 0.368 μg a.s./cm² per kg
a.s./ha
TC = Transfer Coefficient [cm²/person/h] = 6800 [cm²/person/h]
% absorbed = percentage dermal absorption (15%)
WR = Work Rate [8 hours/day]
AR = Application Rate [7.2 kg a.s./ha = 2 x 3.6 kg a.s/ha]
P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a
long sleeved shirt is taken into account
BW = bodyweight (70 kg)
D = 0.368 x 6800 x 0.15 x 8 x 7.2 x 1
70
Dermal Exposure (D) is 308.87 μg a.s./kg bw/day or 0.31 mg a.s./kg bw/day.
This gives a Risk Quotient (RQ) = 10 (AOEL = 0.032 mg/kg bw/day).
If there is total (100%) dissipation between treatments, or there is only one treatment
per year then Dermal Exposure (D) is 154.4 μg a.s./kg bw/day or 0.15 mg a.s./kg
bw/day. This gives a Risk Quotient (RQ) = 5 (AOEL = 0.032 mg/kg bw/day).
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Inhalation exposure is assumed to be negligible, so Total Exposure = Dermal Exposure
(D).

With PPE:
In the UK PSD interpretation of the German BBA Model for estimating operator
exposures to pesticides, during application it is assumed that 3% of exposure occurs to
the head, 19% to the hands and 78% to the rest of the body.
The use of gloves, the model assumes, reduces exposure of the hands to 1% of what it
would be without gloves, while coveralls and sturdy footwear reduce the rest of the
body exposure to 5% of what it would be without protection. No protective clothing is
applied to the head so the protection factor used is 1.0 for the head.
Applying these figures to the Penetration Factor for Clothing (P) in the above equation
gives:
P = (exposure to head % x protection offered %) + (exposure to hands % x protection
offered %) + (exposure to rest of body % x protection offered %)
P = (0.03 x 1.0) + (0.19 x 0.01) + (0.78 x 0.05) = 0.0709
If P= 0.0709 is used in place of 1.0 in the above calculation, assuming no dissipation (an
application rate of 7.2 kg a.s./ha), the Dermal Exposure (D) is 21.9 μg a.s./kg bw/day or
0.022 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 0.7 (AOEL = 0.032 mg/kg
bw/day).
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Re-entry by a worker for mowing: dermal exposure [example of low-contact
activity]
Assuming an application of 900g MSMA SC in 100 litres water that may be applied up
to 2 times per year, therefore the maximum total dose is 7.2 kg a.s./ha (2 x 3.6).
This estimate assumes no dissipation of residues between treatments.
A working day of 8 hours is assumed.
For the transfer of residues from foliage to the clothes or skin of a worker, a TC value of
3400 cm2/hr is used for hand weeding, transplanting, hand or mechanical harvesting
(HED‘s revised policy entitled Policy 003.1 Science Advisory Council for Exposure
Policy Regarding Agricultural Transfer Coefficients (August 7, 2000) in US EPA,
2006b).
A DFR value of 0.368 μg/cm2 per kg as/ha applied is used (actual data from Californian
trials: MRID 449589-01 in US EPA, 2006b).
Predicted exposure for this scenario is thus
D = DFR x TC x % absorbed x WR x AR x P / BW
Where:
D = Dermal Exposure [μg a.s./person*d]
DFR = Dislodgeable Foliar Residue per kg a.s./ha = 0.368 μg a.s./cm² per kg
a.s./ha
TC = Transfer Coefficient [cm²/person/h] = 3400 [cm²/person/h]
% absorbed = percentage dermal absorption (15%)
WR = Work Rate [8 hours/day]
AR = Application Rate [7.2 kg a.s./ha]
P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a
long sleeved shirt is taken into account
BW = bodyweight (70 kg)
D = 0.368 x 3400 x 0.15 x 8 x 7.2 x 1
70
Dermal Exposure (D) is 154.4 μg a.s./kg bw/day or 0.15 mg a.s./kg bw/day.
This gives a Risk Quotient (RQ) = 5 (AOEL = 0.032 mg/kg bw/day).
If there is total (100%) dissipation between treatments, or there is only one treatment
per year then Dermal Exposure (D) is 77.2 μg a.s./kg bw/day or 0.08 mg a.s./kg bw/day.
This gives a Risk Quotient (RQ) = 3 (AOEL = 0.032 mg/kg bw/day).
Inhalation exposure is assumed to be negligible, so Total Exposure = Dermal Exposure
(D).
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With PPE:
In the UK PSD interpretation of the German BBA Model for estimating operator
exposures to pesticides, during application it is assumed that 3% of exposure occurs to
the head, 19% to the hands and 78% to the rest of the body.
The use of gloves, the model assumes, reduces exposure of the hands to 1% of what it
would be without gloves, while coveralls and sturdy footwear reduce the rest of the
body exposure to 5% of what it would be without protection. No protective clothing is
applied to the head so the protection factor used is 1.0 for the head.
Applying these figures to the Penetration Factor for Clothing (P) in the above equation
gives:
P = (exposure to head % x protection offered %) + (exposure to hands % x protection
offered %) + (exposure to rest of body % x protection offered %)
P = (0.03 x 1.0) + (0.19 x 0.01) + (0.78 x 0.05) = 0.0709

If P= 0.0709 is used in place of 1.0 in the above calculation, assuming no dissipation (an
application rate of 7.2 kg a.s./ha), the Dermal Exposure (D) is 10.9 μg a.s./kg bw/day or
0.011 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 0.3 (AOEL = 0.032 mg/kg
bw/day).

Since it could be considered unrealistic for the mower driver to wear gloves when
driving the tractor, the P value that would be associated with use of coveralls and sturdy
boots only has been calculated. The P value for this becomes:
P = (0.03 x 1.0) + (0.19 x 1.0) + (0.78 x 0.05) = 0.479
Therefore, replacing the P value of 1.0 in the without PPE scenario (associated with an
RQ of 5) with P = 0.479 would not provide an adequate level of protection. The RQ is
only reduced to 2.4.
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Scenario 2: Eradication of paspalum in cool conditions (6L/ha with 6 applications
per year)
Scenario 3: Eradication of paspalum in warm conditions (9L/ha with 4
applications per year)

Re-entry by a worker for hand weeding, transplanting, hand or mechanical
harvesting: dermal exposure [examples of high-contact activities].
Assuming either (2) an application of 900g MSMA SC in 100 litres water that may be
applied up to 6 times per year, or (3) an application of 1.350g MSMA SC in 100 litres
water that may be applied up to 4 times per year therefore the maximum total dose is
21.6 kg a.s./ha (6 x 3.6 or 4 x 5.4).
This estimate assumes no dissipation of residues between treatments.
A working day of 8 hours is assumed.
For the transfer of residues from foliage to the clothes or skin of a worker, a TC value of
6800 cm2/hr is used for hand weeding, transplanting, hand or mechanical harvesting
(HED‘s revised policy entitled Policy 003.1 Science Advisory Council for Exposure
Policy Regarding Agricultural Transfer Coefficients (August 7, 2000) in US EPA,
2006b).
A DFR value of 0.368 μg/cm2 per kg as/ha applied is used (actual data from Californian
trials: MRID 449589-01 in US EPA, 2006b).
Predicted exposure for this scenario is thus
D = DFR x TC x % absorbed x WR x AR x P / BW
Where:
D = Dermal Exposure [μg a.s./person*d]
DFR = Dislodgeable Foliar Residue per kg a.s./ha = 0.368 μg a.s./cm² per kg
a.s./ha
TC = Transfer Coefficient [cm²/person/h] = 6800 [cm²/person/h]
% absorbed = percentage dermal absorption (15%)
WR = Work Rate [8 hours/day]
AR = Application Rate [21.6 kg a.s./ha (= 6 x 3.6 or 4 x 5.4)]
P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a
long sleeved shirt is taken into account
BW = bodyweight (70 kg)
D = 0.368 x 6800 x 0.15 x 8 x 21.6 x 1
70
Dermal Exposure (D) is 926.6 μg a.s./kg bw/day or 0.93 mg a.s./kg bw/day.
This gives a Risk Quotient (RQ) = 29 (AOEL = 0.032 mg/kg bw/day).
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If there is total (100%) dissipation between treatments, or there is only one treatment
per year then:
For scenario 2:
Dermal Exposure (D) is 154.4 μg a.s./kg bw/day or 0.15 mg a.s./kg bw/day. This gives a
Risk Quotient (RQ) = 5 (AOEL = 0.032 mg/kg bw/day).
For scenario 3:
Dermal Exposure (D) is 231.7 μg a.s./kg bw/day or 0.23 mg a.s./kg bw/day. This gives a
Risk Quotient (RQ) = 7 (AOEL = 0.032 mg/kg bw/day).
Inhalation exposure is assumed to be negligible, so Total Exposure = Dermal Exposure
(D).

With PPE:
In the UK PSD interpretation of the German BBA Model for estimating operator
exposures to pesticides, during application it is assumed that 3% of exposure occurs to
the head, 19% to the hands and 78% to the rest of the body.
The use of gloves, the model assumes, reduces exposure of the hands to 1% of what it
would be without gloves, while coveralls and sturdy footwear reduce the rest of the
body exposure to 5% of what it would be without protection. No protective clothing is
applied to the head so the protection factor used is 1.0 for the head.
Applying these figures to the Penetration Factor for Clothing (P) in the above equation
gives:
P = (exposure to head % x protection offered %) + (exposure to hands % x protection
offered %) + (exposure to rest of body % x protection offered %)
P = (0.03 x 1.0) + (0.19 x 0.01) + (0.78 x 0.05) = 0.0709

If P= 0.0709 is used in place of 1.0 in the above calculation, assuming no dissipation (an
application rate of 21.6 kg a.s./ha), the Dermal Exposure (D) is 65.7 μg a.s./kg bw/day
or 0.066 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 2 (AOEL = 0.032
mg/kg bw/day).

If there is total (100%) dissipation between treatments, or there is only one treatment
per year then:
For scenario 2:
Dermal Exposure (D) is 11.0 μg a.s./kg bw/day or 0.11 mg a.s./kg bw/day. This gives a
Risk Quotient (RQ) = 0.3 (AOEL = 0.032 mg/kg bw/day).
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For scenario 3:
Dermal Exposure (D) is 16.4 μg a.s./kg bw/day or 0.16 mg a.s./kg bw/day. This gives a
Risk Quotient (RQ) = 0.5 (AOEL = 0.032 mg/kg bw/day).
Inhalation exposure is assumed to be negligible, so Total Exposure = Dermal Exposure
(D).
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Re-entry by a worker for mowing: dermal exposure [example of low-contact
activity]
Assuming either in Scenario (2) an application of 900g MSMA SC in 100 litres water
that may be applied up to 6 times per year, or in Scenario (3) an application of 1.350g
MSMA SC in 100 litres water that may be applied up to 4 times per year, the maximum
total dose is 21.6 kg a.s./ha (6 x 3.6 or 4 x 5.4).
This estimate assumes no dissipation of residues between treatments.
A working day of 8 hours is assumed.
For the transfer of residues from foliage to the clothes or skin of a worker, a TC value of
3400 cm2/hr is used for mowing (HED‘s revised policy entitled Policy 003.1 Science
Advisory Council for Exposure Policy Regarding Agricultural Transfer Coefficients
(August 7, 2000) in US EPA, 2006b).
A DFR value of 0.368 μg/cm2 per kg as/ha applied is used (actual data from Californian
trials: MRID 449589-01 in US EPA, 2006b).
Predicted exposure for this scenario is thus
D = DFR x TC x % absorbed x WR x AR x P / BW
Where:
D = Dermal Exposure [μg a.s./person*d]
DFR = Dislodgeable Foliar Residue per kg a.s./ha = 0.368 μg a.s./cm² per kg
a.s./ha
TC = Transfer Coefficient [cm²/person/h] = 3400 [cm²/person/h]
% absorbed = percentage dermal absorption (15%)
WR = Work Rate [8 hours/day]
AR = Application Rate [21.6kg a.s./ha]
P = Penetration Factor for Clothing [= 1] which assumes no clothing such as a
long sleeved shirt is taken into account
BW = bodyweight (70 kg)
D = 0.368 x 3400 x 0.15 x 8 x 21.6 x 1
70
Dermal Exposure (D) is 463.3 μg a.s./kg bw/day or 0.46 mg a.s./kg bw/day.
This gives a Risk Quotient (RQ) = 15 (AOEL = 0.032 mg/kg bw/day).
If there is total (100%) dissipation between treatments, or there is only one treatment
per year then:
For scenario 2:
Dermal Exposure (D) is 7.7 μg a.s./kg bw/day or 0.008 mg a.s./kg bw/day. This gives a
Risk Quotient (RQ) = 0.2 (AOEL = 0.032 mg/kg bw/day).
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For scenario 3:
Dermal Exposure (D) is 11.6 μg a.s./kg bw/day or 0.012 mg a.s./kg bw/day. This gives a
Risk Quotient (RQ) = 0.4 (AOEL = 0.032 mg/kg bw/day).
Inhalation exposure is assumed to be negligible, so Total Exposure = Dermal Exposure
(D).

With PPE:
In the UK PSD interpretation of the German BBA Model for estimating operator
exposures to pesticides, during application it is assumed that 3% of exposure occurs to
the head, 19% to the hands and 78% to the rest of the body.
The use of gloves, the model assumes, reduces exposure of the hands to 1% of what it
would be without gloves, while coveralls and sturdy footwear reduce the rest of the
body exposure to 5% of what it would be without protection. No protective clothing is
applied to the head so the protection factor used is 1.0 for the head.
Applying these figures to the Penetration Factor for Clothing (P) in the above equation
gives:
P = (exposure to head % x protection offered %) + (exposure to hands % x protection
offered %) + (exposure to rest of body % x protection offered %)
P = (0.03 x 1.0) + (0.19 x 0.01) + (0.78 x 0.05) = 0.0709

If P= 0.0709 is used in place of 1.0 in the above calculation, assuming no dissipation (an
application rate of 21.6 kg a.s./ha), the Dermal Exposure (D) is 32.9 μg a.s./kg bw/day
or 0.033 mg a.s./kg bw/day. This gives a Risk Quotient (RQ) = 1.0 (AOEL = 0.032
mg/kg bw/day).
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Tox Appendix 2:
Bystander & Resident Exposures to MSMA, and Risk
Assessment:

Exposure from spray drift at the time of application
Field crop (boom) sprayers
All applications of MSMA are carried out with boom spray equipment using hydraulic
nozzles. For boom sprayers the average potential dermal exposure (PDE) for a
bystander, positioned 8 metres downwind from the sprayer and the average amount of
spray passing through the breathing zone were 0.1 ml spray/person and 0.006 ml
spray/person, respectively.
“An estimate of bystander exposure has been made by this evaluation, based on a
published UK study (Lloyd and Bell, 1983) in which measurements of simulated
bystander exposure were made during field crop spraying operations. The average
potential dermal exposure for a bystander, positioned 8 metres downwind from the
sprayer and the average estimated amount of spray passing through the breathing zone
were 0.1 and 0.006 ml spray/person, respectively. [UK PSD 2008b]”

Scenario (1): paspalum control & Scenario (2): paspalum eradication in cool
conditions
Using these data total systemic exposure from spray drift at the time of application can
be estimated as follows for field crop (boom) sprayers:
Systemic exposure = (PDE x SC x % absorbed + PIE x SC x 100%) / BW
(0.1 x 9.0 x 0.15) + (0.006 x 9.0 x 1.00) / 70 = 0.0027 mg/kg bw/day
Where:
PDE = potential dermal exposure (0.1 ml spray/person)
PIE = potential inhalation exposure (0.006 ml spray/person)
SC = concentration of active substance in spray (9.0 mg a.s./ml spray)
% absorbed = percentage dermal absorption (15%)
BW = bodyweight (adult: 70kg; child: 15kg)
Assuming an application of 900 g MSMA SC in 100 litres water per hectare (9.0
mg/ml), no protection from clothing and 100% inhalation, retention and absorption of
potential inhalation exposure (PIE), the estimated bystander exposure is 0.0027 mg/kg
bw for an adult and 0.0126 mg/kg bw for a child. The AOEL of 0.032 mg/kg bw/day is
recommended by the PSD as the criteria against which the acceptability of the bystander
exposure is assessed. These intakes are equivalent to RQ of 0.08 and 0.4, respectively
for the adult and the child.
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Scenario (3): paspalum eradication in warm conditions
In the case of scenario 3, the application of 1350 g MSMA SC in 100 litres water per
hectare results in the concentration of the active substance (SC) of 13.5 a.s./ml spray.
Using this value in the calculation above and assuming no protection from clothing and
100% inhalation, retention and absorption of potential inhalation exposure (PIE) as
before, the estimated bystander exposures are 0.0041 mg/kg bw for an adult and 0.0189
mg/kg bw for a child. These are equivalent to RQ of 0.1 and 0.6, respectively.

Exposure from inhalation of pesticide which volatilises from the crop or soil surface
after application has been made
Due to MSMA‘s low vapour pressure (1 x 10-6 Pa), no appreciable volatilisation is
expected, and exposure modelling is not required.
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Exposure through contact with spray drift contaminated surfaces
―It is possible that spray drift fallout from applications may be deposited in private
gardens adjacent to treated areas, and individuals in such locations may become
exposed through contact with such deposits. A possible scenario that illustrates a
significant opportunity for exposure would be children playing in a garden which has
been subject to spray drift fallout. It is possible to estimate such exposures using spray
drift fallout values used for aquatic risk assessment purposes (Rautmann et al, 2001)
and the approach used by the United States Environmental Protection Agency to
estimate residential exposure from contact with treated lawns (USA EPA 1998 / 1999 /
2001). The exposure assessment reported … considers the scenario of a small child
playing on a lawn …
For products which may be applied to crops on more than one occasion the theoretical
worse case is to consider children‘s exposure from the maximum total dose which may
be applied, i.e. to assume that there is no dissipation in foliar residues between
successive treatments. This approach may be refined where data are available to refine
the estimated residues.‖ [quoted from UK PSD 2008b]
The small child playing on a lawn leads to three potential exposures: dermal (skin
contact); hand-to-mouth (sucking contacted fingers and thumbs); and, object-to-mouth
(eating/sucking soil, grass etc.).

Scenario (1): paspalum control
1) Children‘s dermal exposure
Systemic exposures via the dermal route were calculated using the above drift fallout
values and the following equation for boom sprayers:
SE(d) = AR x DF x TTR x TC x H x DA
BW
SE(d) = 72 x 0.01 x 0.05 x 5200 x 2 x 0.15 = 3.7 μg/kg bw
15
Where:
SE(d) = systemic exposure via the dermal route
AR = field application rate, 3.6 kg/ha x 2 applications = 72 μg/cm2
DF = drift fallout value, i.e. assumed average of 1% from boom sprayer
applications
TTR = turf transferable residues – the EPA default value of 5% was used in the
estimate
TC = transfer coefficient – the standard EPA value of 5200 cm2/h was used for
the estimate
H = exposure duration for a typical day (hours) – this has been assumed to be 2
hours which matches the 75th percentile for toddlers playing on grass in the EPA
Exposure Factors Handbook
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DA = percent dermal absorption (15%)
BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for
England values for males and females of 2 and 3 yrs
2) Children‘s hand-to-mouth exposure
Hand-to-mouth exposures were calculated using turf transferable residue levels using
the following equation for boom sprayers:
SE(h) = AR x DF x TTR x SE x SA x Freq x H
BW
SE(h) = 72 x 0.01 x 0.05 x 0.50 x 20 x 20 x 2 = 0.96 μg/kg bw
15
Where:
SE(h) = systemic exposure via the hand-to-mouth route
AR = field application rate, 3.6 kg/ha x 2 applications = 72 μg/cm2
DF = drift fallout value, i.e. assumed average of 1% from boom sprayer
applications
TTR = turf transferable residues – the EPA default value of 5% derived from
transferability studies with wet hands was used in the estimate
SE = saliva extraction factor – the default value of 50% was used
SA = surface area of the hands – the assumption used here is that 20 cm2 of skin
area is contacted each time a child puts a hand in his or her mouth (this is
equivalent to the palmer surface of three figures and is also related to the next
parameter)
Freq = frequency of hand to mouth events/hour – for short term exposures the
value of 20 events/hours is used, this is the 90th percentile of observations that
ranges from 0 to 70 events/hour
H = exposure duration (hours) – this has been assumed to be 2 hours which
matches the 75th percentile for toddlers playing on grass in the EPA Exposure
Factors Handbook
BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for
England values for males and females of 2 and 3 yrs
3) Children‘s object-to-mouth exposure
Object to mouth exposures were calculated using turf transferable residue levels using
the following equation for boom sprayers:
SE(o) = AR x DF x TTR x IgR
BW
SE(o) = 72 x 0.01 x 0.20 x 25 = 0.24 μg/kg bw
15
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Where:
SE(o) = systemic exposure via mouthing activity
AR = field application rate, 3.6 kg/ha x 2 applications = 72 μg/cm2
DF = drift fallout value, i.e. assumed average of 1% from boom sprayer
applications
TTR = turf transferable residues the default value of 20% transferability from
object to mouth assessments was used
IgR = ingestion rate for mouthing grass/day – this was assumed to be equivalent
to 25cm2 of grass/day
BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for
England values for males and females of 2 and 3 yrs.
4) Children‘s incidental ingestion of soil (US EPA, 2006b)
The approach used to calculate doses that are attributable to soil ingestion is:
Average Daily Oral Dose = AR (mg/cm2) x F (cm) x IgR (mg/day) x SDF (cm3/mg) /
BW (kg)
ADOD

= 0.072 x 1.0 x 100 x (6.7 x 10-4)
15

=

0.00032 mg/kg bw
(0.32 μg/kg bw)

Where:
ADOD = oral dose on day of application (mg/kg/day)
AR = application rate (0.072 mg/cm2)
F = fraction of residue retained on uppermost 1 cm of soil (%) (note: this is an
adjustment from surface area to volume)
SDF = soil density factor -- volume of soil (cm3) per microgram of soil;
IgR = ingestion rate of soil (mg/day)
BW = body weight (kg)
Assumptions:
F = fraction of residue retained on uppermost 1 cm of soil is 100 percent based on
soil incorporation into top 1 cm of soil after application (1.0/cm)
SDF = soil density factor -- volume of soil (cm3) per gram of soil; to weight 6.7 x
10-4 cm3/mg soil)
IgR - ingestion rate of soil is 100 mg/day
BW - body weight of a toddler is 15 kg
5) Children‘s total exposure from paspalum control:
Children‘s total exposure was estimated as the sum of the dermal, hand-to-mouth,
object to mouth exposures and soil ingestion, which was (5.2 μg/kg bw/day (0.005
mg/kg bw/day). This total exposure represents an RQ of 0.2 (in comparison to the
AOEL of 0.032 mg/kg bw/day).
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Scenario (2): paspalum eradication in cool conditions & Scenario (3): paspalum
eradication in warm conditions
For Scenarios 2 and 3, the field application rate (AR) is 216 µg/cm2, which is a factor
of 3 greater than for scenario 1. Therefore if the above calculations are repeated for
these scenarios, the final outcome is that the child‘s total estimated exposure is 15.6
µg/kg bw/day, or 0.0015 mg/kg bw/day, and the RQ = 0.5 (in comparison to the AOEL
of 0.032 mg/kg bw/day).
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Tox Appendix 3:

Bystander & Resident Exposures to MSMA – Treated Turf:

Golfer / High Contact Activity
Scenario (1): paspalum control

Systemic exposures via the dermal route from treated turf were calculated using the
following equation (US EPA, 2006b):
ADDD = AR x TTR x TC x ET x DA / BW
Where:
ADDD = Dermal exposure at/on day of application attributable for activity
in a previously treated area (mg/kg/day)
AR = application rate (mg/cm2)
F = fraction of residue transferable from treated turf (%)
TC = Transfer Coefficient (cm2/hour);
ET = Exposure Time (hours/day);
DA = Dermal Absorption (5); and
BW = Body Weight (kg)
Assumptions:
F - fraction of residue transferable from treated turf is 5%; dislodgeable
from garden foliage is 20%;
TC - The assumed transfer coefficients (TCs) for adults and children
performing short-term high contact activities on treated turf are 14,500 and
5,200 cm2/hour, respectively. The assumed transfer coefficients (TCs) for
adults and children performing short-term high contact activities in treated
gardens are 10,000 and 5,000 200 cm2/hour, respectively. Golfing, mowing
and other low contact activities were assumed to have a TC of 500
cm2/hour.
ET - exposure time for high contact activities on residential lawns is 2
hours; exposure time for adults and children while gardening are 0.67 and
0.33 hours, respectively; exposure time while golfing is 4 hours.
DA - Dermal absorption is 30%
BW - body weight for a toddler is 15 kg; for a youth is 39 kg; for an adult is
70 kg.

Golfer: Adult
ADDD = 0.072 x 0.05 x 500 x 4 x 0.15 / 70 = 0.015 µg/kg bw/day
Golfer: Youth
ADDD = 0.072 x 0.05 x 500 x 4 x 0.15 / 39 = 0.028 µg/kg bw/day
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High Contact: Adult
ADDD = 0.072 x 0.05 x 14500 x 2 x 0.15 / 70 = 0.224 µg/kg bw/day

High Contact: Child
ADDD = 0.072 x 0.05 x 5200 x 2 x 0.15 / 15 = 0.374 µg/kg bw/day

Scenario (2): paspalum eradication in cool conditions & Scenario (3): paspalum
eradication in warm conditions
For Scenarios 2 and 3, the field application rate (AR) is 216 µg/cm2, which is a factor
of 3 greater than for scenario 1. Therefore if the above calculations are repeated for
these scenarios, the final outcome is:

Golfer, Adult: ADDD = 0.045 µg/kg bw/day
Golfer, Youth: ADDD = 0.084 µg/kg bw/day
High Contact, Adult: ADDD = 0.672 µg/kg bw/day
High Contact, Child: ADDD = 1.122 µg/kg bw/day
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Tox Appendix 4:

Children’s (Resident) Exposures to inorganic Arsenic:

Exposure through contact with spray drift contaminated surfaces
Exposure to inorganic arsenic in aged soils
[Note: Every gram of MSMA contains 0.46 gram of inorganic As.]
[Lee-Steere (2008) reviewing the environmental fate of MMA, reported that 19% of the
applied MMA was converted to inorganic arsenic within a year under aerobic soil
conditions in a GLP study conducted to US EPA Guidelines. However, the reviewer
noted from other reports that the extent of inorganic arsenic formation varied markedly,
depending on soil moisture, temperature, organic matter, oxygen status.]
Scenario (1): paspalum control
1) Children‘s dermal exposure
Systemic exposures via the dermal route were calculated using the above drift fallout
values and the following equation for boom sprayers:
SE(d) = AR x DF x TTR x TC x H x DA
BW
SE(d) = 33 x 0.01 x 0.05 x 5200 x 2 x 0.045 = 0.515 μg/kg bw
15
Where:
SE(d) = systemic exposure via the dermal route
AR = field application rate. (3.6 x 2 = 7.2 kg MSMA/ha. This is equivalent to 3.3
kg inorg-As/ha, and 33 μg/cm2 [If only 19% conversion to inorg-As is assumed
the application rate is 6.27 μg/cm2]
DF = drift fallout value, i.e. assumed average of 1% from boom sprayer
applications
TTR = turf transferable residues – the EPA default value of 5% was used in the
estimate
TC = transfer coefficient – the standard EPA value of 5200 cm2/h was used for
the estimate
H = exposure duration for a typical day (hours) – this has been assumed to be 2
hours which matches the 75th percentile for toddlers playing on grass in the EPA
Exposure Factors Handbook
DA = percent dermal absorption (4.5%)
BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for
England values for males and females of 2 and 3 yrs
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2) Children‘s hand-to-mouth exposure
Hand-to-mouth exposures were calculated using turf transferable residue levels using
the following equation for boom sprayers:
SE(h) = AR x DF x TTR x SE x SA x Freq x H
BW
SE(h) = 33 x 0.01 x 0.05 x 0.50 x 20 x 20 x 2 = 0.44 μg/kg bw
15
Where:
SE(h) = systemic exposure via the hand-to-mouth route
AR = field application rate, 3.3 kg inorg-As/ha, and 33 μg/cm2 [If only 19%
conversion to inorg-As is assumed the application rate is 6.27 μg/cm2]
DF = drift fallout value, i.e. assumed average of 1% from boom sprayer
applications
TTR = turf transferable residues – the EPA default value of 5% derived from
transferability studies with wet hands was used in the estimate
SE = saliva extraction factor – the default value of 50% was used
SA = surface area of the hands – the assumption used here is that 20 cm2 of skin
area is contacted each time a child puts a hand in his or her mouth (this is
equivalent to the palmer surface of three figures and is also related to the next
parameter)
Freq = frequency of hand to mouth events/hour – for short term exposures the
value of 20 events/hours is used, this is the 90th percentile of observations that
ranges from 0 to 70 events/hour
H = exposure duration (hours) – this has been assumed to be 2 hours which
matches the 75th percentile for toddlers playing on grass in the EPA Exposure
Factors Handbook
BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for
England values for males and females of 2 and 3 yrs
3) Children‘s object-to-mouth exposure
Object to mouth exposures were calculated using turf transferable residue levels using
the following equation for boom sprayers:
SE(o) = AR x DF x TTR x IgR
BW
SE(o) = 33 x 0.01 x 0.20 x 25 = 0.11 μg/kg bw
15
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Where:
SE(o) = systemic exposure via mouthing activity
AR = field application rate, 3.3 kg inorg-As/ha, and 33 μg/cm2 [If only 19%
conversion to inorg-As is assumed the application rate is 6.27 μg/cm2]
DF = drift fallout value, i.e. assumed average of 1% from boom sprayer
applications
TTR = turf transferable residues the default value of 20% transferability from
object to mouth assessments was used
IgR = ingestion rate for mouthing grass/day – this was assumed to be equivalent
to 25cm2 of grass/day
BW = body weight - 15kg which is the average of UK 1995-7 Health Surveys for
England values for males and females of 2 and 3 yrs.
4) Children‘s incidental ingestion of soil (US EPA, 2006b)
The approach used to calculate doses that are attributable to soil ingestion is:
Average Daily Oral Dose = AR (mg/cm2) x F (cm) x IgR (mg/day) x SDF (cm3/mg) /
BW (kg)
ADOD

= 0.033 x 1.0 x 100 x (6.7 x 10-4)
15

=

0.00015 mg/kg bw
(0.15 μg/kg bw)

Where:
ADOD = oral dose on day of application (mg/kg/day)
AR = field application rate, 3.3 kg inorg-As/ha, and 33 μg/cm2 [If only 19%
conversion to inorg-As is assumed the application rate is 6.27 μg/cm2]
F = fraction or residue retained on uppermost 1 cm of soil (%) (note: this is an
adjustment from surface area to volume)
SDF = soil density factor -- volume of soil (cm3) per microgram of soil;
IgR = ingestion rate of soil (mg/day)
BW = body weight (kg)
Assumptions:
F - fraction or residue retained on uppermost 1 cm of soil is 100 percent based on
soil incorporation into top 1 cm of soil after application (1.0/cm)
SDF = soil density factor -- volume of soil (cm3) per gram of soil; to weight 6.7 x
10-4 cm3/mg soil)
IgR - ingestion rate of soil is 100 mg/day
BW - body weight of a toddler is 15 kg
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5) Children‘s total exposure from paspalum control:
Children‘s total exposure was estimated as the sum of the dermal, hand-to-mouth,
object to mouth exposures and soil ingestion, which was 0.0012 mg/kg bw/day (1.215
μg/kg bw/day).

This total exposure represents an additional life-time risk = (1.215 / 0.0086) x (5 / 70) =
10 in 10,000 [risk-specific daily dose (RSDD) of 0.0086 μg/kg b.w.; proportion of lifetime exposed = (5 / 70) years].

Scenario (2): paspalum eradication in cool conditions & Scenario (3): paspalum
eradication in warm conditions
For Scenarios 2 and 3, the field application rate (AR) is 99 μg inorg-As/cm2 (216 µg
MSMA/cm2), which is a factor of 3 greater than for scenario 1. Therefore if the above
calculations are repeated for these scenarios, the final outcome is:
Children‘s total exposure was estimated as the sum of the dermal, hand-to-mouth, and
object to mouth exposures, which was 0.0036 mg/kg bw/day (3.645 μg/kg bw/day).
This total exposure represents an additional life-time risk of 30 in 10,000 [risk-specific
daily dose (RSDD) of 0.0086 μg/kg b.w.; proportion of life-time exposed = (5 / 70)
years].
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Tox Appendix 5:

Children’s (Resident) Exposures to inorganic Arsenic - PEC:

Using Predicted Environmental Concentrations from environmental fate modelling
(Lee-Steere, 2008):
Table 5 – Predicted Arsenic Soil Concentrations (5 and 10 cm) after 1 year at normal
use rates.
Application rate

Assumed

Total rate

5 cm

10 cm

(g MMA/ha)

degradation

(g As/ha)

mg As/kg soil

mg As/kg soil

Scenario 1

7200

0%

3850

5.1

2.6

Scenario 2

21600

0%

11560

15.4

7.70

Table 6 – Summary of Predicted Arsenic Accumulation (mg As/kg soil).

No soil dissipation
Soil dissipation half life 10
y

Total Arsenic Soil Predicted Soil Concentrations (g As/kg)
Scenario 1
Scenario 2
1 year
5 years
Maximum
2 years
Maximum2
1
5.1
25.7
N/A
30.8
30.8
5.1
22.5
77
29.8
29.8

1) With the assumption of no soil dissipation, soil concentrations will continue to increase for as long as the
substance is used in the area. 2) For scenario 2, the chemical will only be used in the one area for 2 years, therefore,
maximum soil concentrations due to use of herbicide will be the same as the 2 year accumulation value.

Scenario (1): paspalum control
4) Children‘s incidental ingestion of soil (US EPA, 2006b)
If the PECsoil for first year in 5cm is used:
The approach used to calculate doses that are attributable to soil ingestion is:
ADD = (SR0 * IgR * CF1) / BW
ADD = ((5.1 x 100) x (1 x 10-3)) / 15 = 0.034 μg/kg bw
Where:
ADD = average daily dose (mg/kg/day);
SR0t = soil residue on day "0" (5.1 μg/g);
IgR = ingestion rate of soil (100 mg/day);
CF1 = weight unit conversion factor to convert the μg of residues on the soil to
grams to provide units of mg/day (1E-6 g/μg); and
BW = body weight (15 kg).

If the PECsoil for the first year in 10cm is used:
ADD = ((2.6 x 100) x (1 x 10-3)) / 15 = 0.017 μg/kg bw
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If the PECsoil for after 5 years with dissipation is used:
ADD = ((22.5 x 100) x (1 x 10-3)) / 15 = 0.15 μg/kg bw

Scenario (2): paspalum eradication in cool conditions
If the PECsoil for the first year in 10cm is used:
ADD = ((7.7 x 100) x (1 x 10-3)) / 15 = 0.051 μg/kg bw

If the PECsoil for after 2 years with dissipation is used:
ADD = ((29.8 x 100) x (1 x 10-3)) / 15 = 0.2 μg/kg bw
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APPENDIX G: QUALITATIVE DESCRIPTORS FOR
RISK/BENEFIT ASSESSMENT
Qualitative descriptors are indicative only and they are primarily intended to be used to
rank risks and benefits for the purposes of balancing risks and costs against benefits,
and so that risks can be prioritised for management. The ‗descriptor‘ words should not
be seen in any absolute senses – they are simply a means of differentiating levels of
significance.

Assessing risks, costs and benefits qualitatively
This section describes how ERMA New Zealand staff and the Authority address the
qualitative assessment of risks, costs and benefits.
Risks and benefits are assessed by estimating the magnitude and nature of the possible
effects and the likelihood of their occurrence. For each effect, the combination of these
two components determines the level of the risk associated with that effect, which is a
two dimensional concept.
Because of a lack of data, risks are often presented as singular results. In reality, they
are better represented by ‗families‘ of data which link probability with different levels
of outcome (magnitude).

Describing the magnitude of effect
The magnitude of effect is described in terms of the element that might be affected. The
qualitative descriptors for magnitude of effect are surrogate measures that should be
used to gauge the end effect or the ‗what if‘ element.
Tables G6.1 and G6.2 contain generic descriptors for magnitude of adverse and
beneficial or positive effect. These descriptors are examples only, and their generic
nature means that it may be difficult to use them in some particular circumstances.
They are included here to illustrate how qualitative tables may be used to represent
levels of adverse and beneficial or positive effect.
The sample qualitative descriptors for effects on the market economy listed in the
ERMA New Zealand technical guide to decision making45 include representative
numbers. These ‗economic‘ descriptors were developed prior to the publication of the
technical guide on identification and assessment of effects on the market economy,46
which refines the approach that ERMA New Zealand applies to identifying and
assessing economic effects. These numbers do not align well with the qualitative

45 ERMA NEW ZEALAND. 2004. Decision Making: A Technical Guide to Identifying, Assessing
and Evaluating Risks, Costs and Benefits, ER-TG-05-01. Wellington: Environmental Risk
Management Authority.
46 ERMA NEW ZEALAND. 2005. Assessment of Economic Risks, Costs and Benefits: Consideration
of Impacts on the Market Economy, ER-TG-06-01. Wellington: Environmental Risk Management
Authority.
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descriptors in the other categories (effects on the environment, effects on human health,
and effects on society and communities), as they relate more to an event than an effect.
In particular the numbers are unclear about how they take account of time (are they
annual, or over the life of the activity) and they do not have a local, regional or national
context.
ERMA New Zealand has adopted a revised set of qualitative descriptors for the
magnitude of effect on the market economy, as shown below.
Table G.1:

Magnitude of adverse effect (risks and costs)

Descriptor

Examples of descriptions: ADVERSE

Minimal

Mild reversible short term adverse health effects to individuals in highly localised area
Highly localised and contained environmental impact, affecting a few (less than ten)
individuals members of communities of flora or fauna, no discernible ecosystem impact
Local/regional short-term adverse economic effects on small organisations (businesses,
individuals), temporary job losses
No social disruption

Minor

Mild reversible short term adverse health effects to identified and isolated groups
Localised and contained reversible environmental impact, some local plant or animal
communities temporarily damaged, no discernible ecosystem impact or species damage
Regional adverse economic effects on small organisations (businesses, individuals) lasting
less than six months, temporary job losses
Potential social disruption (community placed on alert)

Moderate

Minor irreversible health effects to individuals and/or reversible medium term adverse
health effects to larger (but surrounding) community (requiring hospitalisation)
Measurable long term damage to local plant and animal communities, but no obvious spread
beyond defined boundaries, medium term individual ecosystem damage, no species damage
Medium term (one to five years) regional adverse economic effects with some national
implications, medium term job losses
Some social disruption (for example people delayed)

Major

Significant irreversible adverse health effects affecting individuals and requiring
hospitalisation and/or reversible adverse health effects reaching beyond the immediate
community
Long term/irreversible damage to localised ecosystem but no species loss
Measurable adverse effect on GDP, some long term (more than five years) job losses
Social disruption to surrounding community, including some evacuations

Massive

Significant irreversible adverse health effects reaching beyond the immediate community
and/or deaths
Extensive irreversible ecosystem damage, including species loss
Significant on-going adverse effect on GDP, long term job losses on a national basis
Major social disruption with entire surrounding area evacuated and impacts on wider
community

MSMA Reassessment – Application

February 2009

Page 253 of 272

Table G.2:

Magnitude of positive effect (benefits)

Descriptor

Examples of descriptions: POSITIVE

Minimal

Mild short term positive health effects to individuals in highly localised area
Highly localised and contained environmental impact, affecting a few (less than ten)
individuals members of communities of flora or fauna, no discernible ecosystem impact
Local/regional short-term beneficial economic effects on small organisations (businesses,
individuals), temporary job creation
No social effect

Minor

Mild short term beneficial health effects to identified and isolated groups
Localised and contained beneficial environmental impact, no discernible ecosystem impact
Regional beneficial economic effects on small organisations (businesses, individuals)
lasting less than six months, temporary job creation
Minor localised community benefit

Moderate

Minor health benefits to individuals and/or medium term health impacts on larger (but
surrounding) community and health status groups
Measurable benefit to localised plant and animal communities expected to pertain to
medium term.
Medium term (one to five years) regional beneficial economic effects with some national
implications, medium term job creation
Local community and some individuals beyond immediate community receive social
benefit.

Major

Significant beneficial health effects to localised community and specific groups in wider
community
Long term benefit to localised ecosystem(s)
Measurable beneficial effect on GDP, some long term (more than five years) job creation
Substantial social benefit to surrounding community, and individuals in wider community.

Massive

Significant long term beneficial health effects to the wider community
Long term, wide spread benefits to species and/or ecosystems
Significant on-going effect beneficial on GDP, long term job creation on a national basis
Major social benefit affecting wider community

Determining the likelihood of the end effect
Likelihood in this context applies to the composite likelihood of the end effect, and not
either to the initiating event, or any one of the intermediary events. It includes:
the concept of an initiating event (triggering the hazard), and
the exposure pathway that links the source (hazard) and the area of impact (public
health, environment, economy, or community).
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Thus, the likelihood is the likelihood of the specified adverse effect47 resulting from that
initiating event. It will be a combination of the likelihood of the initiating event and
several intermediary likelihoods.48 The best way to determine the likelihood is to
specify and analyse the complete pathway from source to impact.
Likelihood may be expressed as a frequency or a probability. While frequency is often
expressed as a number of events within a given time period, it may also be expressed as
the number of events per head of (exposed) population. As a probability, the likelihood
is dimensionless and refers to the number of events of interest divided by the total
number of events (range 0–1). (See Table G 6.3.)
Table G.3:

Likelihood

Descriptor

Description

1

Highly improbable

Almost certainly not occurring but cannot be totally ruled out

2

Improbable (remote) Only occurring in very exceptional circumstances.

3

Very unlikely

Considered only to occur in very unusual circumstances

4

Unlikely
(occasional)

Could occur, but is not expected to occur under normal operating conditions.

5

Likely

A good chance that it may occur under normal operating conditions.

6

Very likely

Expected to occur if all conditions met

7

Extremely likely

Almost certain

Using magnitude and likelihood to construct the level of risk and
benefit
Using the magnitude and likelihood tables a matrix representing a level of effect can be
constructed (Table G 6.4).
Table G.4:

Level of risk
Magnitude of effect

Likelihood

Minimal

Minor

Moderate

Major

Massive

Highly improbable

A

A

B

C

D

Improbable

A

B

C

D

E

Very unlikely

B

C

D

E

E

Unlikely

C

D

E

E

F

Likely

D

E

E

F

F

Very likely

E

E

F

F

F

Extremely likely

E

F

F

F

F

47 The specified effect refers to scenarios established in order to establish the representative risk, and
may be as specific as x people suffering adverse health effects, or y% of a bird population being
adversely affected. The risks included in the analysis may be those related to a single scenario, or
may be defined as a combination of several scenarios.
48 Qualitative event tree analysis may be a useful way of ensuring that all aspects are included.
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ERMA NEW ZEALAND considers that, for this substance, the level of risk/benefit can
be assigned as follows in Table G 6.5.
Table G.5:

Assignment of level of risk/benefit

Code

Level of risk/benefit

A&B

Negligible

C

Low

D

Medium

E

High

F

Extreme

Quantitative risk assessment
Quantitative risk assessment establishes numeric risk quotients, or levels of concern
(LOC), by comparing exposure concentrations to concentrations causing effects.
Qualitative descriptors have been associated with such LOC by the authors of the
models to which the LOC are applied, however the terminology of these descriptors
differs from that used in the ERMA NZ risk matrix. To relate the results of a
quantitative assessment to the ERMA NZ risk matrix the following tables have been
developed:
Table G.6: Levels of concern and qualitative level of risk used in the environmental risk
assessment for aquatic organisms
Level of Concern
(LOC)

Descriptor associated
with original model *

Equivalent ERMA NZ
Qualitative Level of risk

High acute risk

High to extreme

Risk can be mitigated
through restricted use

Medium

Low acute risk

Negligible to low

≥1

High chronic risk

Medium to extreme

≥1

High acute risk

Medium to extreme

Aquatic (fish, invertebrates)
Acute RQ

≥0.5
0.1–0.5
<0.1

Chronic RQ
Plants (aquatic and terrestrial)
Acute RQ

* Urban & Cook (1986). The risk quotient is derived as exposure/effect.
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Table G.7: Levels of concern and qualitative level of risk used in the environmental risk
assessment for terrestrial organisms
Level of Concern
(LOC)

Descriptor associated
with original model *

Equivalent ERMA NZ
Qualitative Level of risk

Bird/ earthworm
Acute TER

<10

High risk

Medium to extreme

Chronic TER

<5

high risk

Medium to extreme

< 50

Low risk

Negligible to low

Higher tier
< testing
required

Medium to extreme

>50

<2

Low risk

Negligible to low

Higher tier
< testing
required

Medium to extreme

Bees
HQ
HQ
Terrestrial invertebrates
HQ
HQ
≥2

* EFSA, 2008 (birds/earthworms), the risk quotient is derived as effect/exposure; EPPO 2002 (bees, terrestrial
invertebrates), the risk quotient is derived as exposure/effect.
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APPENDIX H: CURRENT CONTROLS
HSNO Act controls
The controls applicable to MSMA and MSMA formulations are given in Table H1.
Control codes, are listed under the table and are codes ERMA New Zealand has
assigned to enable easy cross-referencing to the regulations. These codes are detailed in
ERMA New Zealand (2001).
Where a control has been changed from the default wording specified in the HSNO
Regulations, this is indicated by a star (*) next to the control code. The detail of this
change, including deletion of a control, is listed under Changes to Controls.
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Table H1: Existing controls for MSMA and its formulations
Substance

MSMA

AGPRO MSMA
600

Identification controls

Emergency
management
controls

Packaging
controls

Class 6, 8 and 9 controls

HSNO Control
T1
T2
T3
T4
T5
T6
T7
T8
E1
E2
E3
E4
E5
E6
E7
P1
P3
P13
P15
PG1
PG3
PS4
D4
D5
D6
D7
D8
AH1
TR1
EM1
EM6
EM7
EM8
EM11
EM12
EM13
I1
I3
I8
I9
I11
I16
I17
I18
I19
I20
I21
I23
I28
I29
I30
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Summary of default controls applicable to MSMA
Hazardous Substances (Classes 6, 8, and 9 Controls) Regulations 2001
Code T1
Regs 11 – 27
Limiting exposure to toxic substances through the setting of TELs
Code T2
Regs 29, 30
Controlling exposure in places of work through the setting of
WESs.
Code T3
Regs 5(1), 6
Requirements for keeping records of use
Code T4
Reg 7
Requirements for equipment used to handle substances
Code T5
Reg 8
Requirements for protective clothing and equipment
Code T6*
Reg 9
Approved handler/security requirements for certain toxic
substances
Code T7
Reg 10
Restrictions on the carriage of toxic or corrosive substances on
passenger service vehicles
Code E1*
Regs 32 – 45
Limiting exposure to ecotoxic substances through the setting of
EELs
Code E2
Regs 46 – 48
Restrictions on use of substances in application areas
Code E5
Regs 5(2), 6
Requirements for keeping records of use
Code E6
Reg 7
Requirements for equipment used to handle substances
Code E7
Reg 9
Approved handler/security requirements for certain ecotoxic
substances
Hazardous Substances (Packaging) Regulations 2001
Code P1
Regs 5, 6, 7(1), 8
General packaging requirements
Code P3
Reg 9
Criteria that allow substances to be packaged to a standard not
meeting Packing Group I, II or III criteria
Code P13
Reg 19
Packaging requirements for toxic substances
Code P15
Reg 21
Packaging requirements for ecotoxic substances
Code PG3
Schedule 3
Packaging requirements equivalent to UN Packing Group III
Hazardous Substances (Disposal) Regulations 2001
Code D4
Reg 8
Disposal requirements for toxic and corrosive substances
Code D5
Reg 9
Disposal requirements for ecotoxic substances
Code D6
Reg 10
Disposal requirements for packages
Code D7
Regs 11, 12
Information requirements for manufacturers, importers and
suppliers, and persons in charge
Code D8
Regs 13, 14
Documentation requirements for manufacturers, importers and
suppliers, and persons in charge
Hazardous Substances (Personnel Qualifications) Regulations 2001
Code AH1
Regs 4 – 6
Approved Handler requirements (including test certificate and
qualification requirements)
Hazardous Substances (Tracking) Regulations 2001
Code TR1
Regs 4(1), 5, 6
General tracking requirements
Hazardous Substances (Emergency Management) Regulations 2001
Code EM1
Regs 6, 7, 9 – 11
Level 1 information requirements for suppliers and persons in
charge
Code EM6
Reg 8(e)
Information requirements for toxic substances
Code EM7
Reg 8(f)
Information requirements for ecotoxic substances
Code EM8
Regs 12-16, 18-20 Level 2 information requirements for suppliers and persons in
charge
Code EM11
Regs 25 – 34
Level 3 emergency management requirements: duties of person in
charge, emergency response plans
Code EM12*
Regs 35 – 41
Level 3 emergency management requirements: secondary
containment
Code EM13
Reg 42
Level 3 emergency management requirements: signage
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Hazardous Substances (Identification) Regulations 2001
Code I1
Regs 6, 7, 32–35, 36(1) – (7) Identification requirements, duties of persons in charge,
accessibility, comprehensibility, clarity and durability
Code I3
Reg 9
Priority identifiers for ecotoxic substances
Code I8
Reg 14
Priority identifiers for toxic substances
Code I9
Reg 18
Secondary identifiers for all hazardous substances
Code I11
Reg 20
Secondary identifiers for ecotoxic substances
Code I16
Reg 25
Secondary identifiers for toxic substances
Code I17
Reg 26
Use of generic names
Code I18
Reg 27
Requirements for using concentration ranges
Code I19
Regs 29 – 31
Additional information requirements, including situations where
substances are in multiple packaging
Code I20
Reg 36(8)
Durability of information for class 6.1 substances
Code I21
Regs 37-39, 47-50 General documentation requirements
Code I23
Reg 41
Specific documentation requirements for ecotoxic substances
Code I28
Reg 46
Specific documentation requirements for toxic substances
Code I29
Regs 51, 52
Signage requirements
Code I30
Reg 53
Advertising corrosive and toxic substances
Hazardous Substances (Tank Wagon and Transportable Containers) Regulations 2004
Controls for Stationary Container Systems
These controls are set out in Schedule 8 of the Hazardous Substances (Dangerous Goods and Scheduled
Toxic Substances) Transfer Notice 2004*

Changes made to the default controls
Code T6

Regulation 9 of the Hazardous Substances (Classes 6, 8 and 9 Controls) Regulations
2001
The following regulation is inserted immediately after regulation 9:
9A Exception to approved handler requirement for transportation of packaged
pesticides
(1) Regulation 9 is deemed to be complied with if:
(a) when this substance is being transported on land—
(i)

by rail, the person who drives the rail vehicle that is transporting the
substance is fully trained in accordance with the approved safety system for
the time being approved under section 6D of the Transport Services
Licensing Act 1989; and

(ii) other than by rail, the person who drives, loads, and unloads the vehicle that
is transporting the substance has a current dangerous goods endorsement on
his or her driver licence; and
(iii) in all cases, Land Transport Rule: Dangerous Goods 1999 (Rule 45001) is
complied with; or
(b) when this substance is being transported by sea, one of the following is complied
with:
(i)

Maritime Rules: Part 24A – Carriage of Cargoes – Dangerous Goods
(MR024A):

(ii) International Maritime Dangerous Goods Code; or
(c) when this substance being transported by air, Part 92 of the Civil Aviation Rules is
complied with.
(2) Subclause (1)(a)—
(a) does not apply to a tank wagon or a transportable container to which the
Hazardous Substances (Tank Wagons and Transportable Containers) Regulations
2004 applies; but
(b) despite paragraph (a), does apply to an intermediate bulk container that complies
with chapter 6.5 of the UN Model Regulations.
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(3) Subclause (1)(c)—
(a) applies to pilots, aircrew, and airline ground personnel loading and managing this
substance within an aerodrome; but
(b) does not apply to—
(i) the handling of this substance in any place that is not within an aerodrome; or
(ii) the loading and managing of this substance for the purpose of aerial spraying
or dropping.
(4) In this regulation, UN Model Regulations means the 13th revised edition of the
Recommendation on the transport of Dangerous Goods Model Regulations, published
in 2003 by the United Nations.
Regulations 35-42 of the Hazardous Substances (Emergency Management)
Regulations 2001

Code EM12

The following subclauses are added after subclause (3) of regulation 36:
(4) For the purposes of this regulation, and regulations 37 to 40, where this substance is
contained in pipework that is installed and operated so as to manage any loss of
containment in the pipework it—
(a) is not to be taken into account in determining whether a place is required to have a
secondary containment system; and
(b) is not required to be located in a secondary containment system.
(5) In this clause, pipework—
(a) means piping that—
(i)

is connected to a stationary container; and

(ii) is used to transfer a hazardous substance into or out of the stationary
container; and
(b) includes a process pipeline or a transfer line.
Schedule 8 of the Hazardous Substances (Dangerous Goods and Scheduled Toxic Substances)
Transfer Notice 2004
Clause 1:

This clause applies as if the words ―a hazardous substance described in Schedules 1 and 2‖
in subclause (1) was replaced by:
―this substance‖.
Clause 100: This clause applies as if subclause (1) was replaced by:
(1) In this Part, existing stationary container system means a stationary container system to
which this Schedule applies that, immediately before 1 July 2004,—
(a) was being used to contain this substance; or
(b) was designed to be used to contain this substance, and construction of the stationary
container system to that design had commenced.

Exposure limits
Code T1
Tolerable Exposure Limits: No tolerable exposure limit (TEL) is set for this substance at
this time.
Code E1
Environmental Exposure Limits :No environmental exposure limit (EEL) is set for this
substance at this time. The default EELs given under regulation 32 are deleted.
Code T2
Workplace Exposure Standards:
Under regulation 29(2) of the Hazardous Substance (Classes 6, 8, and 9 Controls) Regulations 2001, the
Authority adopts as a workplace exposure standard for this substance, and each component of this
substance, the value or values specified in the document described in ―Workplace Exposure Standards‖,
published by the Occupational Safety and Health Service, Department of Labour, January 2002,
ISBN 0-477-03660-0. Also available at www.osh.govt.New Zealand /order/catalogue/pdf/wes2002.pdf
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Non-HSNO Act controls
Agricultural Compounds and Veterinary Medicines Act 1997
Before they can be used, formulations meeting the definition of ―agricultural
compound‖ under the Agricultural Compounds and Veterinary Medicines Act 1997,
must be approved by the Agricultural Compounds and Veterinary Medicines Group
(ACVM Group) of the New Zealand Food Safety Authority. The ACVM Group deals
only with pesticides used on food crops in New Zealand. MSMA is registered for use
on Turf in New Zealand and so does not fall under the jurisdiction of the ACVM group.
Requirements under other legislation
For internal land transport within New Zealand, the Land Transport Rule: Dangerous
Goods 2005 will govern the type of transport, the qualifications of the driver and
carrier, and the information requirements for transportation including packaging.
Drivers are required to carry emergency management instructions for the substance they
are carrying. For internal sea transport within New Zealand (for example across the
Cook Strait), packages will have to meet the labelling requirements of the IMDG Code
for the transport of dangerous goods by sea.
Under the HS&E Act, employers and workers are required to be aware of all hazards.
The RMA prohibits discharge of contaminants into the environment unless it has been
expressly allowed for in a Regional Plan, resource consent or by regulation. This is
relevant to all stages of the substance‘s lifecycle, with specific relevance to MSMA
during its storage, use and disposal.
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APPENDIX I: OVERSEAS REGULATORY ACTION
European Union
Removed from the market in July 2003 under directive 91/414/EEC.
No reassessment was conducted
Canada
MSMA has been used in Canada for the control of Bark Beetle. MSMA has not been
subject to review via the Canadian Pest Management Regulatory Authority. The permit
for its use has expired and the manufacturer , United Agri products Canada, Inc., has
withdrawn MSMA from the Canadian market.
USA
EPA‘s released a Reregistration Eligibility Decision in July 2006
The EPA considered the available information and has concluded that all currently
registered uses of MSMA, DSMA, CAMA, and cacodylic acid are not eligible for
reregistration. This conclusion is based on EPA‘s finding of limited benefits, adequate
alternatives, and drinking water cancer risk exceeding the Agency‘s level of concern.
EPA concludes that the risks of continued use on all sites outweigh the limited benefits
of weed control.
Regulatory Rationale for EPA’s Reregistration Eligibility Decision
EPA‘s decision under FIFRA is based on a thorough evaluation of both the risks and
benefits of the uses of the organic arsenical herbicides. The Agency‘s primary concern
is the potential for applied organic arsenical products to transform to a more toxic
inorganic form of arsenic in soil with subsequent transport to drinking water. In
addition, EPA also identified some risk associated with the direct use of the organic
arsenical herbicides.
Dietary exposure from drinking water alone results in risks that exceed OPP‘s level of
concern for excess cancer risk (1 x 10-6). Estimated drinking water concentrations for
turf result in an excess cancer risk of 3 x 10-3. EDWCs for cotton result in an excess
cancer risk of 3 x 10-4. These risk conclusions are supported by limited monitoring
data in areas with high organic arsenical herbicide use. In addition, occupational
handler dermal MOEs exceed LOCs; post application worker dermal MOEs exceed
LOC; residential oral post application MOEs exceed LOC for CAMA and cacodylic
acid; and ecological risk quotients exceed LOCs.
EPA explored potential mitigation measures to reduce exposure and risk. EPA met with
the technical registrants to explore the possibility of labelling changes to reduce risks
while preserving the efficacy and usability of the active ingredients and associated enduse products. The following labelling change options were considered:
Limit golf course use to tees, fairways, and roughs only (MSMA, DSMA,
CAMA)
Limit turf applications to 1 broadcast treatment and up to 3 subsequent spot
treatment‘s not to exceed 10% of the treatment area (MSMA, DSMA, CAMA)
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Limit turf applications to four total applications of any combination of MSMA,
DSMA, CAMA
Reduce maximum labelled rate to 3.7 lbs. ai/A for CAMA
Prohibit application to impervious surfaces in residential areas
Prohibit aerial application (except cotton)
Require chemical resistant gloves for occupational handlers mixing and loading
MSMA, DSMA, CAMA, or cacodylic acid
Require chemical resistant gloves for occupational handlers applying MSMA,
DSMA, CAMA, or cacodylic acid with handheld equipment
After careful consideration of these options, ERMA NEW ZEALAND concluded that
implementation of these measures would reduce certain risks; but that cancer risks
through drinking water exposure would remain, for the most part, unchanged. When
risk estimates are recalculated with the proposed mitigation above, excess cancer risk
for cotton use is 3 x 10-4 (3.9 ppb) and excess cancer risk for turf use is 1 x 10-3
(13.1 ppb).
Even with extensive mitigation beyond what was offered by the registrants, EPA
believes the large disparity between the estimated risks and OPP‘s level of concern for
excess cancer risk of 1 x 10-6 (equivalent to 0.02 ppb of inorganic arsenic) precludes
risk reduction sufficient to reduce levels below OPP‘s level of concern.
Given that estimated drinking water exposure from the pesticidal uses alone exceeds
EPA‘s level of concern and that alternative herbicides are readily available, EPA
concludes that the benefits do not outweigh the risks and that all uses for the active
ingredients MSMA, DSMA, CAMA, and cacodylic acid are ineligible for reregistration.
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APPENDIX J: PARTIES CONSULTED
PRE-APPLICATION
Central Government
New Zealand Food Safety Authority
Ministry of Health
Ministry for the Environment
Department of Labour
Registrant
AGPRO NEW ZEALAND Ltd
Users
Central North Island Turf Managers
Evans Turf Supply
Landscape Industry Association
NEW ZEALAND Golf Course Superintendents Association
NEW ZEALAND Sports Turf Institute
PGG Wrightson Turf
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APPENDIX K: SUBMISSION RECEIVED
Usage
MSMA is primarily used within the turf industry as follows:
Selective control of paspalum on cool season grasses (ryegrass, browntop),
primarily on golf courses (fairways, rough and green surrounds) and sports fields.
Selective control of rushes, summer grasses, paspalum within Couch (cynodon)
surfaces. Cynodon is increasingly being used on home lawns, golf course fairways
and sports fields in order to reduce the amount of water used. In conjunction with
the users raised above, the commercial turf growers would also use MSMA.
It has been used by lawn care operators in home/commercial lawn situations for
paspalum and summer grass control.
MSMA has been used in conjunction with triclopyr for the selective removal of
Kikuyu from cool season grasses and Couch. There are other herbicide options on
cool season grasses (Axall, Puma S, trichlopyr, etc) for selectively removing
kikuyu. However there are as yet (although internationally there are options) for
selectively removing Kikuyu from Couch.
To prevent paspalum seeding and thereby reduce mowing requirements.
Approximately 30-50% savings in mowing can be achieved
Although MSMA can be used for controlling annual summer grasses on cool season
turf, it is rarely used for this purpose now as there is a safer more effective option,
namely Puma S available.
MSMA is primarily used Taupo North, East coast of NI down to at least Hawkes Bay
and the Coromandel peninsular
Application Data
On turf the following application details are in place
MSMA is applied to cool season turf at 5-7L (product)/ha. On Couch higher rates
(9-11L/ha) are used. This is normally applied in 250 – 400L of water/ha.
A survey is required to give any reliable information. Based on a very
rudimentary survey, approximately 30% of golf clubs North of Auckland and 1015% of golf clubs north of Taupo would be using MSMA. Although councils are
using this product I don‘t at this stage have any reliable data.
MSMA is primarily used (although seasonally dependent) from September to
April/May. Frequency of application is largely site specific. In summary:
For seed head suppression it would be applied 2-3X/year in most instances.
When eliminating Paspalum, it is largely a budgetary issue. However on
golf fairways they would aim for 4-6 applications/year.
On sportsfields applications are typically limited to 2-3/year.
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Type of spray equipment used (for example backpack sprayer, hydraulic boom
etc).
MSMA is primarily applied via a boomsprayer. However there are some applications
via a knapsack.
Safety details
The turf industry is very aware of the potential toxicity of MSMA. Although there will
undoubtedly be some variations, for the most part spraying would be carried out
wearing:
Full spray suit
Respiratory and normally eye protection
gumboots.
The main steps taken on golf courses are appropriate signage and usually course closure
for ½ day approx until product is dry on the leaf.
Alternatives
Presently there are no selective herbicides for removing paspallum from cool season
grasses. Furthermore I‘m not aware of any other options available for use on turf
internationally except DSMA (Disodium methyl arsenate)
If Agpro MSMA 600 was not available Paspalum would likely become a significant
problem (particularly on sportsfield situations) and would require spot treating or
resurfacing of the facility to control. This is expensive, time consuming and disruptive
to users.
The main benefit of MSMA is its ability to selectively control paspalum. As an
arsenical product, it poses the risk of accumulating within the body.
Its main risk to cool season grasses is that it is a ―hot‖ substance and some burning/
growth check is likely. This is the reason for using lower than label rates i.e. 5-7L/ha.
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